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NOTICE. 

The SociKTT OF Arts, established Id conformitj with the plan 
of the Maasachusetts Institut* of Technology, as set forth in the act 
of incorporation, April, 1861, held tt§ first meeting on April 8, 1862. 

The objects of the Society are to awaken and maintain an active 
interest in the practical sciences, and to aid generally in their advance- 
ment in connection with arts, agriculture, manufactures, and com- 
merce. 

Regular meetings are held semi-monthly from October to May, 
inclusive, in the Institute Building; and at each meeting communica- 
tions are presented on some subjects germane to the objects of the 
Society, as stated above. 

The present volume contains the abstracts of the communications 
made during the year ending October 1, 1890, most of the business 
portions of the records being omitted. 

The thanks of the Society are due to Capt. A. H. Russell, for 
the loan of the electrotypes used in illustrating his paper ou Magazine 
Guns ; to Col. E. H. Hewins for those illustrating his paper on Stor- 
age Batteries; to the Electrical Engineer for those illustrating Prof. 
Thomson's paper on " Experiments with Alternating Currents"; to 
the Engineering and Building Record for those illustrating Mr. Wood- 
bridge's paper on The Heating and Ventilating of the new Engineer- 
ing Building. 

For the opinions advanced by any of the speakers the Society 
assumes no responsibility. 

LINUS FAUNCE, 

Seceetarv. 

BOSIOS, Sept., 1890. 
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PROCEEDINGS OF THE SOCIETT OF ARTS 

FOB THE TWENTY-EIGHTH TEAR. 



MEETING 392. 
^ological Water Analyaii.* 



The S92nd meeUng of the Society op Arts waa held at tiie 
Institute on Thursday, October 10, 1889, at 6 p.h.. Hob. J. A. Dreiser 
in the chair. 

After the readioe of the records of the previona meetJDg, the 
ChairmaD introduced Prof. W. T. Sedgwick, of the loBtitate, who 
read a paper on " Biological Water Analysia." 

Prof. Sedowiok eaid : A hiological analysis of water, strictly 
. speaking, is an imposaihility. Water may be analyzed chemically 
and resolved into ite compoDents, hydrogen and oxygen, bnt a biolog- 
ical analysie of water is an impossibility, because water is absolntely 
lifelosH and inorgauic By a chemical " water analysis," howeTcr, the 
chemist does not usually mes^ the aualysis of a portion of pure wat«r, 
but only a chemical examination of the sufastances dissolved in, or 
carried by, the water. In precisely the same way a biological " water 
analysis " is understood to be simply an exomtnafton of the organitnu 
pretent in a particular portion of water. 

The biological analysis of a water must deal with all the organ- 
isms which cud be detected therein; but inasmuch as the coarser 
water-dwellers — the fishes, the frogs, the snails, the water-weed, etc 
— are seldom collected in a sample for water analysis, there are 
usually present only the very small, and often quite invisible, organ- 

* Bavlaed from ui eddrau pnbllsbed Id the JonnuU N. I!. 'Water Woiki AasoolMIoii, 
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isms which ma; nevertheleM be exceedingly numerona. Practically, 
therefore, the biological examinatioD is directed to the incooBpicDouB 
forma of life, which often swarm in waters, even in those used for 
drinking. Taken as a whole, these orgaiiiama are kuown as the 
" microdrganisms," and form a vast group of living things, some of 
them nearly, and some of them quite, beyond the vision of the naked 
eye. In dealing with the microorganisms in a sample of water, or in 
a water BDpply, the coarser organisms must by no meaus be neglected ; 
but the biological analysie of water as at present conducted is con- 
cerned especially with the microorganisms ; and in the present paper 
no great departure will be made from the prevailing point of view. 

Microorganisms are of two different kinds, and must be studied 
in two very different ways. Although all might perhaps he described 
as "microscopic" in size, those in one group are so much smaller 
than those in the other as to be almost smaller than " microHcopic." 
These smallest microdrganisms are the bacteria ; and, although tbey 
may he seen by the help of the microscope, and, indeed, can be seen 
individually in no other way, they cannot Ite satisfactorily studied — 
still less counted — by the microscope alone. These organisms — the 
bacterial — are therefore detected and chiefly etndled by the method 
of " cultures," otherwise known as " Koch's method," which I have 
already bad the honor to describe and demonstrate at a meeting of 
this Society some two years ago. Of the bacterial microorganisms I 
shall speak tonight only incidentally, although within that time our 
knowledge of them and of their doings has been steadily advancing. 

On this occasion 1 desire rather to turn your attention to the 
second division of the microorganisms, the microscopical. This in- 
cludes all microorganisms except the bacterial, and is separated from 
that group by the fact that while the latter require for their Batis- 
factory study the employment of " cultures," the microscopical micro- 
organisms may be detected, counted, and pretty fully studied by the 
microecope alone. 

In a summary fashion the relations of these groups may he showti 
as follows : — 
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' MiCROflOOPiciL Obqanishs. 

Not requiring special "cultures." Easllj 
UirROnRRAX'IRM'R studied nitli the mIcroHcope. Microscopic Id 

size, or b&relj visible to the uaked eye. Plants 
OrganfsniB, either .oraQlraaU. 
plants or aoliiials, too „ 
small to be studied B*^™^ Oeo*k.8M8. 

with the naked eye. Beqnirlii(t special cultures tor their satis- 

factory study. DIfHcult of study with the 
microscope, because almost snb-inlcroscoplc 
tu Hlie. PlantB. 

The bacterial microorgauisms ioclude the bactena. as well as 
some j'easts and moulda. The microscopical microorganisms include 
a great variety of animals, such as minute entomostraca, like Cyclops 
and the water flea ; various worms and wheel-animalcules ; sponges 
and the fresh-water Hydra ; infusoria, rhizopods, and such like ; aud 
among the plants, the diatoms, alg£, fungi (excepting those already 
mentioned), and the so-called "blue^reen algie." Beside the bacteria 
these forms are mostly of giant size, and hence may be seen and 
studied with comparative ease by the aid of the microscope alone. 

T am the more anxious to urge upon your attention the micro- 
scopical microorganisms since it is with them that some of the more 
recent progress has been made in the biological aualysis of water. 
Furthermore, it is in this field, in all probability, that some of the 
most interesting developments of the next year or two will be found. 
These are the organisms that often pave the way for the bacteria in 
water, and possibly therefore for the germs of disease. These are 
the organisms which are, in large measure, the source in water of the 
■' oi^uic nitrogen" (or albuminoid ammonia) of the chemists; the 
organisms, responslhte in large measure, for odors, tastes, and turbidi- 
ties in waters, either directly by their own activity, or indirectly by 
amassing organic matter, and eventually surrendering it as putrescible 
food for the more destructive bacterial organisms. 

As long ago as 1650 Dr. Arthur Hill Hassail made a micro- 
scopical examination of the water supply of London, perhaps the first 
ever scientifically made anywhere, and, in discussing his results, wrote 
afterwards as follows : * " The deleterious properties of impure water 
depend, for the most part, on their organic impuritiet. 

' p. M, London, IBSt. 
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" Until very recently chemiBts did not, in general, attach suffi- 
cient impurtaace to these ot^nic contaminationa, and in most of their 
analyses we Hod the different kinds of organic matter, vegetable and 
animal, living and dead, all lumped together, and included nnder the 
word 'traces.' . . . Indeed, chemistry is bnt ill-adapted to in- 
vestigate the nature of these organic matters ; it ^ves but a very 
rough estimate only of their gross amount, and does not discriminate, 
as me have said, the animal from the vegetable, the dead from the 
living, and tells us nothing about ihe families, genus, and species to 
which the numerous living productions contained in impnre waters 
severally belong,- or of their habits and modes of life," etc. 

For twenty years after Dr. Haasall's day hia work remained 
almost alone. In 1870, however. Prof. Cohn, the biologist, of Bres- 
lau, in an extremely suggestive paper on the " Microscopical Analysis 
of Well Waters," perceiving, perhaps, belter than anyone else has 
yet done the profound significance of such studies, wrote as follows : * 
" There is no doubt that microscopical examinations of drinking-waters, 
properly conducted, will strengthen and perfect the chemical exami- 
nations at the most essential points, and that they only will give OS 
information upon certain questions which the reagents of the chemist 
cannot answer." 

As if to justify bis assertion, Cohn immediately proceeds to com- 
pare the results of chemical analyses with his own observations of 
corresponding microscopical conditions, and, as might have been ex- 
pected, with interesting results. There is even here, however, no 
prolonged comparison of chemical with biological results, and hence 
no such fertile outcome as might have been attained. 

After Cohn's paper we find nothing so suggestive up to the 
present day. It stands alone, so far as I know, in a serious and en- 
lightened endeavor to coordinate and render mutually helpful chem- 
ical and biological data. With this one brilliant exception, little 
progress has been made in the interpreta^on of chemical and micro- 
scopical analyses of water (though of the former vast numbers have 
been accumulated), simply, I believe, because chemists, on the one 
hand, have been content to name the most complex and the most 
important substances in their analyses " organic matter," therewith 

<• " BaltrStie zur Biologle," I, IW. 
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resting Hatiefied ; while biologiBlB, on the other, lostead of seeking a 
simple explanation for the presence or absence of organismB, or en- 
deavoring to learn their chemical signiBcance, have loo often dissipated 
their enei^ies in struggles to classify those organisms which they 
could name, and to name those which they could not classify. Doubt* 
less, also, the rise of baoteriolgv, soon after the appearance of Cohn's 
paper, with the intense interest which it aroased, did much to distract 
attention from the microscopical microorganisms, and to fix it upon 
the bacterial. But even cooceming the bacterial microorganisms 
interest has been thus far principally medical. The discovery that 
infectious diseases may t>e propagated in drinlting- water caused general 
alarm. Most bacteria, however, are not disease germs ; and yet they 
are scarcely less interesting on that account, for by their presence 
they always signify something, and in their absence are hardly less 
conspicious. Bacteria are fungi ; that is, they are not green with 
chlorophyll, and, consequently, since they cannot build up food for 
themselves from mineral matters, as they might do if they had chlo- 
rophyll, they are obliged to live opon ready-made foods. If, then, a 
drinking-water contains bacteria, living and thriving, there is no escape 
from the conclosion that there is or has lately been ready-made food 
in that water. Well waters usually contain few bacteria ; and this 
we would expect from their poverty in ready-made food. — which is 
only another name for some kinds of organic matter. River waters 
usually contain numerous bacteria, and ready-made food is generally 
there in the shape of organic matter of one kind or another. Now, it 
is precisely thh ready-made food that the bacteria must live opon, and 
which they oxidize eventually to mineral matters, that the larger, 
microscopical, microorganisms abundantly produce. Moreover, the 
microscopical organisms not only pave the way for bacteria, they 
often themselves become serious nuisances in reservoirs and lakes used 
as water supplies, by giving rise to extensive " growths " which, either 
during ^eir development generate directly odors and tastes, or dnring 
their decay support a prolific host of bacteria, thus generating indi- 
rectly turbidities or odors which make the water disgusting and unfit 
to drink. It is somewhat remarkable that while the importance of 
these organisms and of their accurate stndy has long been recognized, 
no satisfactory method has hitherto been devised for their study. Up 
to the present time the best meUiods have made no pretensions to be 
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quantitative, and microscopical ex ami nation b of water have been 
nsuallj directed to the sediment obtained by letting a ^ven sample 
stand for a longer or shorter time. Tbe suspended matters have thua 
been more or less completely disregarded. Macdonald, in England, 
and Tiemann and Gtlrtoer, in Germany, have no other methods to 
propose. 

By straining through cloth a known amount of water, and after- 
wards detaching tbe orgaQisma held back by the cloth upon a slide, 
where tfasy could be approximately enumerated, the biologists work- 
ing for the MassachuRetts State Board of Health made a dedded step 
in advance. Mr. A. L. Kean, working under my direction, baa 
introduced a still more valuable method in the use of a aand-fllter, and 
the aubsequent quantitative examination of a thousandth part of the 
whole, in a ruled cell holding one cubic millimeter. Stilt more 
recently I have myself constructed a counting chamber, so arranged 
that a cubic centimeter, or more, of water may be examined directly, 
or, in caae the organisms are few, the entire mass of sand and organ* 
isms left by filtration of a known amount of water (usually lOOcc.) 
can be evenly distributed on a glass plate, then viewed with a mode- 
rately high power, and the organisms studied and ennmerated with 
considerable precision. A full account of the various methods will 
appear in the forthcoming report of tlie State Board of Health of 
MassBchusetti. At present I will only state that this one consists, 
first, in tbe cojteentration (if necessary) of the organisms in a large 
amount of water into a small amoant, so that they may he readily 
scrutinised. This is done by filtration through a short column of fine 
sand in a narrow-atemmed funnel, the sand being supported upon a 
platform of the finest wire-gauge cloth. To secure the second point 
(the enumeration) the sand and organisms are washed down by dis- 
tilled water into a shallow chamber or ruled cell one inch wide and 
two inches long, bordered by brass strips one-quarter inch high, firmly 
cemented to the slide. This counting chamber is so divided by the 
ruled lines thai it contains 1,000 squares each ^ inch on the side. 
The squares, therefore, nearly or quite fill tbe field of a low power 
objective, such for instance, as the B. B. of Zeiss. By the selection 
of representative squares it becomes possible, provided the organisma 
be evenly distributed, to estimate with considerable precision the total 
number of organisms upon the plate. In practice 20 squares are 
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nsQftllj coapted and the aam obtained is mnltiplied by 50, tbuB giving 
ttie amount in 1,000 squares, i. e., upon the whole plate. The sand 
may, after some practice, be easily neglected, and does not interfere. 
In the choice of the special arrangement of mled lines, and especially 
in ibe patient construction of several finished plates by means of the 
dividing engine, I have been very greatly aided by my frieod and 
former pupil. Miss C. A. Woodman. 

From my results it appears that a teaspoonfnl of drinking-water 
oftea ooutaias from twelve to fifty microscopical microdi^anisms, and 
may sometimes contain thousands. Indeed, they ofteu far outnumber 
the bacteria, asi for instasoe. in the Newton reservoir, where, with 
1,602 microscopical, only 6 bacterial micro&rganUms were found in 
a cubic centimeter of water. In this connection I may mention a 
cnrioas result which was disclosed by an application of the method 
to the Newton water supply. Water was drawn from the tap in the 
railway station at Newton Highlands «very morning, ^oepting on 
Sunday. On Mondaye the numbers were observed to be very high, 
reaching into the thonssads per cubic centimeter, while daring the 
rest of the week they barely reached hundreds. Inquiry disclosed 
the fact that on week days water is pumped from the filter-basin 
directly into the service-pipes. On Sundays the pumps are not run, 
and the pipes are filled from the reservoir. The reservoir water, 
however, is much less pure than that drawn directly from tbe filter- 
basin ; and this fact became immediately and strikingly apparent by 
the examination of a sample collected early on Monday morning, 
before the pipes had been filled from the filter-basin. 

It may fairly be claimed, I think, that we now possess a simple, 
convenient, and effective mediod for the enumeration and study of 
tbe microscopical microfirganisms. There is no doubt that this is a 
step forward in tbe biological analysis of water, which must hence- 
forward include microscopical as well as bacterial examinations. 

As tbe result of his own studies upon drinking-waters, Cohn, in 
tbe paper already referred to, laid down certain generalizations that 
do not seem to have attracted the attention which, if true, they should 
have received. For example {Le.,p. 118): "We may divide the 
organisms in drinking-water [wellsj into three categories, which cor* 
respond to difierent degrees of purity of the water; — 
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" 1. Di&toms and green algie indicate a water to which tight has 
had access, and one poor in organic matter. 

" 2. Certain of the larger inf aioria, expeciailj the ciliated forms, 
feed OB these alge ; while upon both the infusoria and the algs feed — 

'' 3. EntomostracanB, like Cyclops and the water-flea, worms, 
such as Naids and rotifers, and insect larvie." 

The presence of these last scavetigers-in -chief Cohn does not 
regard as iDcoDsistent with the puritj of the water. He considers it 
to be the function of the rhizopods, carnivorous infusoria, rotifer vul- 
garis, mites, atid the water-bears, to devour solid or undissolved bite 
of organic matter ; and of the mouthless infusoria and the bacteria to 
flourish upon dissolved organic matters. The latest German work 
upon this subject ( Uatertuehung 'dei Watieri, Tiemann und Gtirtner, 
1889) does scarcely more in this direction than quote the above 
remarks of Cohn, and adds, " At the present time more stress is to be 
laid upon tjie quantity than upon the quality of the microscopic 
organisms." 

In my opinion, it is in working out precisely such inter-relations 
and inter-dependencies of the microorganisms as are suggested by 
Cohn that we are now making real progress, and are likely to advance 
in the near future. It is self-evident that such laws, if firmly estab- 
lished, must become of the greatest scientific and practical value to all 
ooooerned in the use and supply of wholesome drinking water. 

It is necessary, however, to go one step further. The protest of 
Dr. Hassall, quoted above, against the use by chemists and others of 
the indefinite term " organic matter " has lost none of its force by the 
lapse of time. On the contrary, the term thus used is less defensible 
than ever, and the time is gone by for students of water supplies to be 
satisfied if in reports of chemical analyses- they find " the different 
kinds of organic matter, vegetable and animal, living and dead, all 
lumped together." Becent investigations show that such terms as 
"nitrates," "nitrites," and "free ammonia," have a definite meaning 
in important biological conditions. 

Finally, it is not too much to affirm that, if it ever existed, the 
time is gone by when either a microscopical examination atone, or a 
bacterial examination alone, will suffice to liase a professional or expert 
opinion of water upon. And furthermore, it is becoming clearer ever^? 
day that-an opinion of a water based upon chemical observation alone 
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(and, ahowe all, upon r tingle analTiie) u no longer a complete Bcieii' 
tific opinion. A water Mialysis heoceforwards most be tiiree lided, 
viz., chemical, bacterial, and microacopical ; and even then the con- 
didong of the origin and of the neighborhood of the soarce of the water 
miitt be included as ^tors of eqnal importance. The standard of 
water analfsis has of late appreoiabl; risen, and reports of " water 
analyses," if tbejr are to fullfil the conditions imposed bj the most 
recent progress, mast inclade three different examinations, as fol- 
lows: — > 

L EKTntoifiiENTAL, 1. e., a more or leas complete stndy of the 
sonrce of the water, together with obeervatbns of the snr- 
rousdings, and investigation of specimens anqnestionably 
normal, from the vicinity. 
II. Chkhical, 1. e., the nsnal chemical analysis, with special atten- 
tion, however, to the state of the nitrogen present. 
IIL Biological, i. «, (1), Micnueopieal, vie, a determination of 
the nnmber, the species, and, as far at possible, the con- 
ditions of the larger microorganisms present ; as well as of 
the masses of dibria, etc 

(2) Baelerial, viz., a determination of the nnmber, and, 
as far as possible. Of the species of the living bacterial organ- 
isms present. 



MEETING 393. 

7%e Siilory and Theory of Coherive OonttrucUon at AppUtd Etpe- 
eiaOg to the Timbrel Vault. 



The 898rd meeting of the Sociktt of Abtb was' held at the 
Institute on Thursday, October 34th, at 8 p. h., President Walker in 
the cbi^r. 
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After the reading of the reconis of the previoiu meeting and tbe 
election of new memben, tbe Freeident introduced Ur. Raphael 
Guastavino, of New York, who read a paper on " Tbe Hietorj and 
Theory of Cohesive Constraction as applied especially to the Timbrel 
Vault," 

iil. GcASXATiNO first took up the hiBtory ot cohesive coostruo- 
tion, and showed bj nomerous examples that this construction was 
very ancient, and was not any particular invention, nor originated by 
aoy determined civilization, but was only the fruit of necessity. It 
reached the height of its spleudpr in the middle ages and gradually 
disappeared in the same proportion that modem civilization and the 
Renaissance approached. This decline was mainly due to the fact of 
the disuse of tbe hydraulic mortars of the Romans, Arabians, and 
Byzantmes, and that the art of manufacturing these materials which 
constituted the base of their cohesive construction was lost. > 

The first time that cements were generally nsed in modem days 
was from 1845 to 1850. From this date commenced the renaissance 
of " cohesive construction." 

The speaker said : The works of this character that I have con- 
structed in Spain, as, for instance, the nuuxufactory of Battlld, in the 
Corte de Sarria, where tbere are employed two thousand people with 
one thouHand looms aud 64,000 spindles, the other manufactories of 
Vidal, Muutadas & Co., and tbe woollen manufactory of Carreras. and 
the glass kiln of Cassademuu with one arch of sixty-five feet span, 
with only ten-inch walls, and the capolit of the theatre of the town of 
Vilasir, of sixty-one feet span, are all permaoent and durable build- 
ings, the arches of which were built having the first two courses of 
plaster and tbe others with cement, representing aO per cent of the 
construction with plaster, as I used in my first work in this, country, 
where we knew that the excess of plaster was dangerous, if the walls 
and rixis were not stout enough to resist tbe expansion. In some 
cases the risk and danger caused by the irregularity of the materials 
was BO plain that the workmen were afraid, compelling me to remain 
in the works to inspire confideoee and saoceas. 

The progress in Spaiu, particularly in Barcelona, in the special 
consttucttoQ that we bow have under consideration, was due to the 
studies and teaching of the professors who were debating for several 
years how to improve their respective specialties and the way to 
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obtain Dew practical systenis of cOtiBtruction, knowing the fact that 
tiie improvement of the material required a change and improve men t 
in the construction, bnt their noble aspinttJonB were reetricteii, having 
no facilities, and rt was necessary to satisfy themselves by recommend- 
ing the theories of Vicard, about the use of cements, and oAer appli- 
cations well founded. 

Nothing was done about investigating these structures to which I 
have referred, and no coefficienu were derived. This only can be 
obtained when we can depend upon the materials with mathematical 
regularity and with powerful apparatus for determining their relia- 
bility. In countries like this, where we can find more than twenty 
guaranteed brands of quick-setting Portland cement of different 
d^rees, and where clay can i>e used for those constructions with 
advantage, and wbere we have regularity of manufacture, and finally 
in a country where we have powerful apparatns, coefficients can be 
obtained, as we have been doing for the past five years. 

From theee special advantages it seems that these works have 
culminated iu the United States, Uking a natural stand in New York 
and Boston, with specimens that have no rivals in any part of the 
world for lightness and resistance. 

Cohesive construction differs from " Oiechanical construction " of 
the gt^vity system in that the latter is founded in the resistance of 
any solid to the action of gravity when opposed to the solid. From 
these conjanclive forces, more or less opposed to one another, the 
result is the equilibrium of the total mass, without taking into con- 
sideration the cohesive power of die material set between the solids, 
while the former has for a base the property of cohesion and assimi- 
lation of several materials, which by a transformation more or lcs6 
rapid resembles Nature's work in making conglomerates. 

The materials employed in the construction by gravity only 
require the physical quality of hardness ; for the " cohesive construc- 
tion" the materials must not only have proper physical conditions', 
but it is absolutely necessary to take into consideration the chemical 
properties oE the substances employed. - 

Mr. Guastavino then had two arches of alxiut 4} feet span con- 
Btract«d before the audience iti the same way they are being made in 
^ new Public Library on Hlopley Square, ' The centers are ordinary 
boards cat to the prbper carve, 'on' Which is laid a c6iate of bricks o^ 
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tiles about 12" x 6" z I", the joints being of plister of Parii. On the 
completion of the firat coarse the centers are removed. The second 
course is laid in Portland cement, breaking joints with the first course, 
as is also the third coarse. The whole, after it is thoroughly set, 
forming a solid arch. 



MEETING 394. 



The Kriegupitl at Practiced tn America. lu OJgect and Place t 

Military Science, and itt Selaiiont to Xtlitary and 

Naual MantBuvret. 



The 394th meeting of the SociBTT or Abtb was held at the 
Institate on Thursday, Itorember 14th, at 6 r.iL, Mr. Joha C. Hopes 

After the reading of the records of the previoas meeting and the 
election of new members, the Chairman introduced Major W. B. 
Livermore, U. S. A., who read a paper entitled " The Kriegsspiel as 
Practiced in America. Its Object and Place in Military Science, and 
its Relations to Military and Naval Manceuvres." 

Major LiTKBHOBB said : Kriegsspiel in its present form is a 
device hy means of which military operations are represented upon a 
map, the troops engaged being indicated by movable blocks. The 
movements are made, and the losses and other results of the conflict 
are detennioed, in accordance with established rules, which are 
designed to conform as oearly as possible to the conditions of actual 
warfare. 

It has long been apparent that a faithful representadon of mili* 
tary movements might form the basis of a most agreeable recreation, 
while affording at the same time an opportunity for students of mili- 



n,g:,.,dtyG00glc 



Hbbtimo 894.- 2fi 

tsrj Bcience to put in practice the principles and maxims which have 
accumnlated in great numbers in the text-twoks. 

The Krie^sspiel iDvented by Herr yoa Beisawitz, and e1atx>rated 
by his aoB, an officer of the PruMian artillery, has met with favor 
among the Germans since the early part of the present century ; and 
now that this indefatigable people has applied to the art of war the 
same exhanstive and systematic stndy that has proved so efficient in 
other branches of scientific inquiry, many of the results of its labors 
have become embodied in this game. 

Outside of Germany for a long dme the game was regarded with 
little favor. After the war of 1866, however, it was cultivated 
extensively in Austria, and the war of 1870 opened the eyes of all 
Europe to its importance. In the United States it has been practiced 
to a limited extent since 1867, and its popularity has increased with 
the reputation of the Germans as a military nation. It is now 
practiced extensively in Russia, Italy, France, Belguim, and elsewhere. 

The Kriegsspiel is played npon a topographical plan, with small 
blocks representing the troops, which are proportioned to the scale 
of the map, occupying as much space npon it as the troops, would 
occupy in the field. These blocks are moved simultaneously, under 
the direction of an umpire, and at rates proportioned H> the mobility 
of the different arms which they represent. 

When the position of the blocks indicates that the hostile troops 
are within sight and range of each other, they are supposed to open 
fire, if the players desire it, and in this case it becomes the ampire's 
dnty to decide the result npon the basis of experience. The rales of 
the game explain to bim how to estimate the loss from this fire ; for 
example, it may have been found that, in similar cases, the number 
of killed and wounded has varied from ten to twenty ; by throwing a 
common die he decides whether to assign a greater or a less result to 
the case in view. The rules of the game also explain to him under 
what circumstances troops have been dispersed by the result of fire, 
and what would be the probable result of a hand-to-hand fight. Since 
the titne of Von Reisswitz the game has-been much modified ; and 
the different forms which it has assumed may be classed in three 
groups. 

The first form lays down a few arbitrary rules based upon 
general results, and leaves the die to decide in each case when the 
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troops on one side or the other are compelled to retire, withont regard 
to the loBsea which they mav have anftered. and only taking acconnt 
of topognphical and o^er drcumstances in a most vagOe and unsatis- 
factory raaunttr. 

The second form ii espedally adapted to the Minor Kriegsspiel, 
where bat a few troop« are employed, and wliere minute records are 
kept of the losses of each omnpany and fraction of a company. This 
prodaoes a perfect representation of a small light or sktrmiBh, but 
inyolvee the necessity of employing clerks or assistants,- and becomes 
▼ery tedtoot when more than two or three companies are engaged. 

The third form is employed when an officer of ranch experience 
cftn be fonnd to take the position of ampire; one who from h)Dg 
familiarity with the Minor Kriegsspiel, and from practice fn leading 
troops in action, can form a correct judgment of the possibility or 
resalts of any movement, without the necessity of making any calcn- 
lations or referring to any rales. 

The American Kriegsapiel has gradually been developed in the 
United States («rvice npon the basis of the second form above men- 
tioDed. But by the employment of several devices upon the plan 
itself, it dispenses with the necessity of keeping records. While it offers 
fdoilitin of instantly det^mining the resnlts of calcnlatrotis as minote 
as those of the Minor Kriegsspiel. 

A glance at the maps during the progress of the game sfaOws to 
the umpire not only the formation and position oE the troops, but 
their present cowlition and previous history. 

Autumn manmuvres are generally recogniEed in the schema of 
military instruotion ■ot Enropean armies. The practice in the drill- 
room and on the parade^gronnd here find their expression and their 
a]:^licatioD. They are osefol in affording to officers, soldiers, and 
sailors an opportouity to accjaire practice in Uteir profession witbont 
the great sacriflce of life and property incidental to hostile warfare. 
They should therefore be made to oonform as nearly to the con- 
ditions of the latter as to require a similar exercise of the faculties, 
and to reader the forms of warfare to soote extent familiar to those 
who have to apply then. 

The most perfect representation of a hostile encounter was once 
afforded by a distingaished soldier who tbonght be could save the 
lives of tfaoviands of his men by occasionally sacrificing a few hnn- 
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dred in the w^y of iutractioii.. Who woold not fm) more raepect 
for thU spirit tlun for that of nore coDservatiw leaden who have led 
thousands upon thousands of faraTe men to be mowed down like (beep 
becBOse the; have vainly asiuined that the methods learned bjr experi- 
ence and hard practice wonld suffice to meet the requirmeots of 
modern wvfaie. witheat taking isW consid«nition the important 
changes lu the armament? 

Bat humanity revolts against these realistic experiments and has 
soggbsted methods that approximate as nearly to hostility as is conaia- 
lent with » proper regard for human life and a measurable economy of 
resonroas; aud it is by no means to be assumed that these methods, 
are less iustructive than the former. If the man<£uvreB are properly 
combined with other exeroiseB and investigations, a system of instruo- 
tioD results which is even more useful than that afforded by unneceft- 
stry bloodshed, for it fixes the attention firmly upon ea«jb point in 
succession just as a skillful general throws all the strength of his 
armies upon the several fractions of his enemy and overcomes them 
in detail, a&d just a* every oonsciantious and earnest man in other 
trades and professioDs devotes all his energies successively to master- 
ing the didftcijties of his calling. 

To det«rmiDe how far practice ia the Art of War can be taught 
in time of peace, and without violatuig what is called in the text-books 
the " Peace Conditiooa," let us consider the form ot manceuvres that 
differs the least from hostile enoounters. 

In general terms, in the autnnui man<eavre8 in Germany a con- 
dition of hostility is assumed, the forces available are divided between 
the opposite sides in accordance with the problem, and the exercise 
Iffoceeds as if i« earnesti. with slight iBodificatianB to avoid unnecessary 
destructiov of projierty, until t^te combatants come within reach of 
each other's weapons. The umpires then decide the effects and conse- 
quences of the, firing each in bis owft sphere, in accordanoe with 
recognized rules and principles, based upon the experience of past 
warfare which has been systematized and digested for the pnrpoae. 
The defeated troops then fall back as directed by the umpires, aud 
tbe operatiotw proceed until the problem has been solved, or until the 
time fixed for the majKsuvres has expired. 

The iollowiug are some of the features in which this exercise 
differs from war : — 
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1. Thfl firing it not condnoted with boll cartridgea. 

2. Th«. troopa donot fall bRck trom fear of deatli. 
8. Tbey do not ooilide. 

i. The action is HHnetimes snapended to enable the nmpirea to 
decide the remit. 

5. The fannert' crops are toiaetimes avoided, where in war thej 
would be trodden down.' 

6. The gronnd sotnelimei shelten troops from sight where tliey 
wonld be exposed in war. 

The modificatioDR 4, fi, 6, introdnoed mainly with a view to 
economy and like considerationa, are far from detracting serionaly 
from the value of manoenvFes for military instruclion. 

On the field of battle the comlntante are urged on in the heat of 
excitement to the attainment of certain ends, and are only too apt to 
be biased by their immediate enrroandinga, but in the mantenvrea the 
modifications and pauses serve to fix the attention of officers and men 
to remoter infiuences. 

It is nnderstood that the mancenvres of the other costiuental 
nations are similar in character to those of Germany. The method of 
deeding the effect of fire under all conditious is identical with that 
employed in Kriegsspiel, and constant practice in this exercise and 
applications of its principles, beginning with operations on a small 
scale on Uie map and in the field, affords to the umpires ezcelleDt 
preparation for their duties in the mancenvres. In making their 
decisions account is taken of all the modifying factors dependrat upon 
the nature and circumstances of the troops delivering the fire and 
thoee subjected to it. 

It is probable in Enropean manmuvres these factors are not com- 
puted as in the Minor Kriegaspiet, and in the American practice, but 
estimated as in the freer form of this exercise. But it should be r^ 
membered that by whatever mediod the Kriegsspiel calculations ot 
the effect of fire are made, they are based upon the results of die 
experience of war so modified as to take account of improvements in 
the mechanism and use of weapons, aod it most not for a moment be 
inferred that they depend upon the results of target practice alone. 

Thus, military history and statistics form the basis of Kriegs- 
spiel, as the latter forms the basis of the umpire's decisions in the 
manoeuvres of opposing parties. 
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The higheat order of manasnvera cannot be considered independ* 
ently of Kriegespiel, nor can the latter attain its higbeit usefulness 
nnlcBB sapplemest«d hj manceuvere ; nor can either be developed 
without a proper study of military history and science. 



MEETING 895. 



7t< Bitlory and Theory of OMwtW Oonttrwiliott at App^ed i 
daily to the Timbrel Vault. 



The $95th meeting of the Societt of Abtb was held at the 
lostJtate OD Tuesday, November 26th, at 8 p.h., Prof. G. Lanza in 
the chair. 

After the reading of the records of the previous meetjog, the 
chairman presented Mr. Raphael Gnastavino, of New York, who cod- 
tinued the reading of the paper on "The History and Theory of 
Cohesive Construction as Applied Espedally to the Timbrel Vault," 
which was beguD at a regular meeting of the Society held October 24th. 

Hr. GuABTAViMO said: We will begin by investigating the way 
in which this kind of arch works. 

A " timbrel vault " of a single thickoess of brick or tile has no 
more resistance than an arch or vault built by the " gravity system," 
because, no matter how good the mortar may be, there are only vertical 
JMuts, and the bricka or dies are working as voussoirs, consequently 
this form of arch beliKigB to the gravity system, but if we put 
another course over the first brcakiug joints, and laid with hydraulic 
material, we will have the action of the cohesive force in this way, 
the mortar Ivd over the first coarse, or extrados, takes bond with it 
and also vrith the course l^d on top. As soon as the cement sets, we 
will have shearing resistance represented by 17,820 lbs. per square 
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foot (test No. 4873). In thU muiaer we iotroduce a new additional 
>tren^ to th« areh. But in the gravity ajiitcni the force of 
gra.yhj aloDe is the oa]y force keeping the vooaaoirs in place bj; pres- 
sure against each other in the joints. These joinU are not protected, 
and any reduction in the width of the joints in conseqaence of pres- 
sure, or weight on the arch, eompromite the letting of the mortar. 
For this reason, in the gravity system the mortar serves only aa 
a cushion, also, if cement mortar, because of bad setting, and adds no 
strength to the arch. In onr " cohesive system " with horizontal 
bretkking joints, with 17,820 ths. per square foot shearing strength, the 
reduction in the vertical joints is protected so absolutely that, 1st, 
we can bnild arches of 20 feet span only S" thick, using a center of 1" 
thick, and move it along as soon as a row of tiles is laid, which usually 
requires about fifty minutes ; 2nd, it is common to see the workmen 
walking over the arch, free from centers of any kind, in some hours 
after it is built ; and 3rd, we can run the eerUer under the arch again 
when it it completed, which it the mott practical iliuttraUon that the 
arch hat had the abtolute repote necettaryfor itt tetlUment. 

These three remarkable circumstances are of great value to 
architects, as they can be pnt in the tpecijieationt, and can be de- 
pended upon as absolute proof of the safety of the construction. 

But this horizontal breaking joint is not the only great advan- 
tage of the system, there are others, the principles of which we will 
try to explain. 

It is evident that if we were able to bnild an arch without joiuU 
it would be the best, having no settlement, bnt as the gravity system 
has only voossoirs of stone or brick, a certain number of joints is 
necessary. 

Let us suppose that we have a brick arch of 6 feet span ; we shall 
have of common brick about 26 or 27 joints, these joints being ^ of 
an inch thick, represent about 7 inches of mortar, which is compelled 
to set with all the weight of the voussoirs resting on the centers ; the 
centers contracting, leave the weight or pressure on the mortar, pre- 
ventiog a good setting, and raising the center of pressure of the arch ; 
this happens in all the brick arches, more or less. When this arch 
ruses only 10 per cent of the full span it is vefy dangerous, because 
the development of the curve measures very little more tbao its cord, 
and the builder or contractor, knowing this, is always afraid when 
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the centers are removed) and before the architect knowi it, kt hringi 
down the eenter of gnwily ttiU farther by hammermg in little iron 
wedges or tiails in tlie joints, covering tbem with mortar go a« not to 
be seen. This is not good practice, for it destroys what cohesion 
TOttj still be left in the joints, but has the advantage that it prepares 
the brick for second-hand material, freeing it from the mortar. In 
onr arch in the same 6 feet we have only 13 joints, i of an inch each, 
which is only S^ inches of mortar ; conseqnently, as We know that 
the arch with no joints is the beat, the one with the least is to be 
preferred. 

There are other advantages equally important. We know that 
in every arch the curve of pressure changes with the position of the 
load ; this means that every arch most be prepared for work bj- de- 
flection or tension. Suppose an arch laid in bricks in such a manner 
as to receive a test for tension, the resistance of this tension depends 
npon the cohesion of the joints, or the resistance to tension of the 
mortar. Bot we said that this cohesion in the brick arches is very 
unsatiahctory, and is only a cushion in many cases, but when these 
joints have a good settlement the tension will only eqaal the cohesive 
strength of the mortar between the bricks, and with good Portland 
cement nnortar ten days laid this strength is only from 80 to 150 
pounds per square inch, when we have for our timbrel arch ten- 
sile strength (test No. 4875 and No. 4876^ 287 pounds for 10 days, 
and 169 ponnds per square inch for 7 days. 

This shows that we have three advantages over the brick arches. 

1st. The protection of the vertical joints by introducing the 
new strength coming from lAe honEootal breaking joints. These 
horizontal joints are in the 6* arch, 1' X 3 horieontal joints or 
144" X 6X S= 2992": in the brick arches 27 joints X 4X 12 = 
1296 square inches, but the tiles have not only ihe horisontal, bat 
the vertical, equaling 638 ; 6864-2592 = 3230 for the tile arches, 
against 1296 for the brick arches. As the cement is the principal 
element of strength in the construction, if we call it 100 pounds for 
10 days' setting, we will have for the brick ardies 129,600 pounds, 
and for the tile arches 323,000 pounds. 

2nd. The less number of vertical joints, amounting to only 5 
per cent of the full span, whil^e the brick arch has 10 per cent. 

3rd. The resistance to the deflection (bending moment). 
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The result of thene advantages is tbe surprising streugtb of ths 
timbrel arches, so itutt do one can at first understand how 15 or 
20 feet arches, 3 iaches thick, and 10 per cent rise, as we before said, . 
cau be laid, then taking away the centers at once, giving them over to 
the uses of the building in a few hours, when an arch of brick 6 feet 
span, 4 inches thick, and 10 per cent rise requires for constmcting it 
strong and heavy centers, and repose for several days ; and besides 
that, that 6 feet span, 4 inches thick, and 10 per cent rise is not safe 
construction ; this span requires 8 inches of thickness as all architecla 
and builders know. 

We can consider as a safe relation between the brick and tim- 
brel arches an arch i feet 6 inches span, 10 per cent rise, 4 inchee 
thick, with cement mortar as is usual in buildings, is equivalent to 12 
or 15 feet span, timbrel arch, 3 inches thick, 8 to 10 per cent rise- 
All that we have said about tbe brick arches in comparison with 
the timbrel arch can be applied to the construction of ooncret« 
or conglomerate arches, especially in regard to the inconvenienoe of 
using heavy centers, and imperfect settlement of the maleriaL In 
large arches the cem«nt cannot be put over the arches quickly enough, 
so that every layer can settle evenly and the excessive use of the 
pounder kills the cement in such a way that at the moment there 
seems to be a small settlement ; the last layer generally looks right, 
while inside it is all mud. That is the reason that for forty years 
these concrete arches have been tried without success, except in small 
arches, where tbe helpers that are generally used in this kind of work 
can control the fall span of the arch with one single ooat, having 
a uniform settlement, but not without using more material tbao 
necessary. 

I give an instanoe of the use of concrete. In the foundation of 
the manufactory of Battllo Bros., I specified cement concrete for three 
feet all along the foundations as a first course, putting on top four 
courses of brick (6 X '^ X H) about the same as we are now using, 
this was in 1869, twenty years ago, — I gave orders to lay the con- 
crete in layers 6" at a time ; tbe cement was slow setting, yet 1 could 
see some signs of set. The next day when inspecting the work I 
found it all a mass of mud ; it cost me ten days* labor, and many 
barrels of cement in experimenting with different brands before I 
ascertained the true cause ; it was necessary to adopt an hydraulic 
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mortar composed of two parts lime, two parte sand, and diree part* 
brick dust, m order to give very slow mortar, becaase cement requires 
repoee for a certain length of time in which to set, and this putting it 
on in 6" conrses, and hammering it down, so jarred the whole mass 
that its rest was disturbed and its setting qualities killedi This can 
be seen in the ase of oar tiles ; two minutes after the tile is bedded 
in the arch the cement has begnn to set, and cannot be disturbed or 
osed again, when the same cement in the mortar bed will remain 
several honrs without setting. 

In Hay, 1887, I commenced a serious of experiments In the d»> 
partment of Testa and Experiments with the fingioeer, A. V. 'Abbott, 
and I obtained the following coefficients : '-~ 

COMPBEeSIOK TK8T. 

No. 4817, May 8, fi days, . . . 2277 Ibe. per square inch. 
" 4818. " 3, 5 " . . . 1624 « « « 

« 4869, Jono 6, 6 " . . . 1480 " « « " 

" 4870, " 6, 5 " . . . 2911 " " » » 

An average of 2060 Iba. per square inch. 

No. 7473, Oct 21, 1889, 1 year, . . 3290 lbs. per square inch. 

TRAW8TEBSE. 

No. 4871, June 6, . . . . 90 lbs. per square inch. 



Na 4875, June 7, . . . . 287 lbs. per square inch. 

SBEAltllrO BTBEBB. 

No. 4873, Jane 6, in Portland Cement, 124 lbs. per square inch. 

" 4872, " G, in Plaster of Paris, 34 " " « 

rhefo 

TC = -qT f»r distributed load, where T= thickueiB of arch in middle, 
or area of cross section. C = Coefficient = 2060 lbs. per square 
inch breaking load. S = Span, r = Rise of arch. 

We use the first formula to get the thickness necessary at the 
center of the arch with a single load and independent of the weight 
of the arch iteelf. After that we find the line of the extrados of the 
arch in a graphical manner, derived from the formula given by Dejar* 
din, for tradng the equilibrium profile of the extrados for the vaults, 
giving the sec^ou of the arch in the skewbacks or base of the arch on 
each aide. 
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MEETING 396. 
3%e Dm^opmmt of Magwine Ountfor Armj/ Vie, 



TKe 896th meeting of the Societt of Artk was beM at the 
loetitute on Thursday, Dec 12th, at 6 p.h., Presidetit Walker id the 
chidr. - 

After the reading of the records of the preTiona meeting, the 
President introduced Capt. A. H. BuMell, of the Ordnance Depart- 
ment U. S. Army, who read a paper on " The DeTelopmeiit of Moga- 
Eine Guns for Army Use." 

Capt. Rd»8ei.l said : The first megaEine gun used extensively 
in var was the Spencer. This has a tubular magasine in the batl 
stock. The cartridges lie end to end, being forced forward by means 
of & spring, and fed over the swingiDg breech-block directly into the 
firing chamber by working a lever uoderneath. It was used by Dome 
of the Northern troops during.the Bebellion. , 

The Henry, afterwards known ae the Winchester, was invented 
before, but it did not oome into prominence until later, though the 
Henry was used to some extent by Northern troops during the Rebel- 
lion. This has a tubular magazine under the barrel. It is a boll^uOf 
the breech-bolt being opened by a lever andemeath. 

The earlier magazine bolt-guns required some sort of a carrier to 
transfer the cartridge from the magHsine to the firing chamber. This 
first system had a sliding carrier, and as the lever was worked the 
carrier was raised vertically. 

The Spencer, Henry, and Winchester are all American inven- 
tions. The Winchester was tried in Switierland, and then the 
Vetterii gun was modeled on it, as far as the magazine mechanism 
goes. The carrier of the Vetterii moves vertically, but it is worked by 
a bolt moving forward and back, instead of by a lever underneath, as 
in the Winchester. The action of the Ixilt is like a door bolt. 

We now come to another American invention, — the Ward Bu^ 
ton gon,— where the carrier is a rocking piece or spoon, so arranged 
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that the cartridge, being forced on tbe spoon from the tubulsr maga- 
zine under the barrel, would be tilted np as the bolt is drawn back, 
so that the forward movement of the bolt would drive it into tbe 
chamber. 

l^e new French gnn (Figs. 1 and S), and the similar gna on trial 
in German; (Figs. 3 aad 4) are examples of this action. 
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Fig.*. 

The HotehkisB holt-gun simplified tnatten very much because it 
dispensed entirely with the carrier. In this the magazine leads under 
the bolt right into the chamber from the butt stoc^, so that one car^ 
ridge after another is presented in front of the bolt and pushed into 
the chamber. 

In the Evans gnn there is a revolving piece running tbrongh 
the butt stock, with four grooves which ore filled with cartridges ; and, 
as this piece revolves, the cartridges are pushed forward by a spiral 
ledge, BO that they work along, one after another, and come into the 
chainher. This is worked by a lever below. 

The Holchkiss and Evans gnns are American. 

Certain devices called " quick loaders " now claim attention, as 
they were made in order to take the place of magazines, when people 
thought (aud some think so now) that it was just as well to get along 
with a single-loading gun, having the cartridges placed where they 
coald be reached very readily ; instead of carrying them in belts, or 
over the shoulder, or in a cartridge box, to have them in some recep- 
tacle, either permanently attached to the gun, or made to attach ftt 
will. From these cartridge holders the cartridges had to be taken by 
hand, the action not being automatic, as in magazine gnns proper. 
The first detachable device of tliis kind was Invented by Capt. Metcalfe, 
of our army. The cartridges are packed in the holder or case at the 
armory, and it is clamped to the gun when it is to be used. Fig. 5 
shows a detachable quick loader, iuvented by General KclCon, of our 
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army. It h shown attached under the stock. Like the Hetcftlfe, it 
is a Hoodeo block, perforated to hold the cartridgn, but it has to be 
filled by the soldier. 

Now we come to a very important development in magazines. 
These differ from the others I have described in this way, that the 
cartridges lie side by aide, instead of being placed end to end, as in 
the tubular magazines. 

The Lee gun is an example of this. An opening is made in the 
< bottom of the receiver down tbrongh the stock, and the magaziDe is 
inserted from below. When one magazine is exhausted, it is taken 
oBt, and another one is put in its place. Several of these maga- 
zines are carried by the soldier, and belts are made to hold the pre- 
pared magazines. The magazines are made of steel. They have to 
be strong enough not to get dented or knocked out of shape, and each 
one has to be provided with a spring. 

Figs. 6 to 6 illustrate this system. Fig. 6 gives a longitudinal 
section, showing the magazine in place ; Fig. 7 a cross section, with 
the magazine removed. Fig. 8 gives a side view of the most rocent 
form of Lee magazine. 
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The English were not qnite satisfied with a magazine that could 
be taken off, nor even with one that could not, so they chained one 
magazine to the gun, but bad other detachable ones, as already de- 
scribed. 

The Burton magazine ia a detachable hopper, similar to the 
Franklin feed case for the Gatling gun, and made to feed cartridges 
by gravity down to a sliding carrier, which conveys them one by 
one to the receiver. 

According to an article of October 16, 1887, in the Revue du 
CereU Militaire, a perfect magazine gun should fulfill the following 
requirements: — 

(1) The magazine should be permanently fixed to the piece. 

(2) It should carry only as many cartridges as the soldier can fire 
rapidly in succession, without fatigue, and without seriously checking 
the forward impetus so important to a successful attack. 

(3) It should afford control of the expenditure of ammunition by 
allowing occasional pauses, during which the lines may be re-formed. 

(4) The form should be such that the cartridges can be inserted all 
at once in filling the magazine, and readily removed when necessary. 

(5) It should be so constructed that cartridges can be inserted 
through the magazine for single firing as well as for rapid firing, with- 
ont requiring special adjustment to pass from one to the other. 

(6) The breech mechanism should work smoothly and rapidly, 
whether the magazine is used or not. 
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(7) The msguine should show at all times juit how many cart- 
ridges remain ia it for nse. 

(8) In an assault, even after the magaiine has been emptied by a 
rapid prelimioarj fire, it aboald be possible to refill the magasine dur- 
ing the rush if necessary, so that on reaching close quarters with the 
enemy the soldier may be able to deliver a rapid and aboodant fire 
after the bayonet charge. 

(9) The arrangement of cartridges should be such that the ballets 
of the cartridges cannot be upset and injured in the raagasine. 

(10) There should be no danger of the explosion of cartridges in 
the niagazine. 

(11) It should allow the main parts to be dismounted, cleaned, and 
put together again, even in the field or nnder fire if necessary.* 

(12) The gun should be strong and simple, even if rude in con- 
struction, to stand the wear and tear oC drill and service. 

(13) It should not require remoTal from the shoulder in continuous 

The Itevwe 3iilitarie de VElrangtr adds : — 

(14) In continuous firing, the gun should not require removal from 
the shoulder, nor removal of finger from the trigger. 

(15) Filling the magaiine should not require opening the breech, 
nor withdrawing the charge if the piece is loaded* 

(16) It should be as easy to refill the magaeine as to put a single 
cartridge into the simple breech loader, cartridges being carried in 
light boxes to serve as chargers. 

The 4th, 5th, 15th, and 16tb requirements indicate that the maga> 
Kiue should allow refilling by inserting the cartridges one at a tjme, 
when partly exhausted, or all at once when the magasine is empty. 

Other authorities say the magaeine should he detachable, easily 
replaced when empty by another full magasine held in reserve, but alt 
agree diat the perfect laagazine should allow a fresh supply of cart- 
ridges to be rapidly added to the gun for instant use. The great 
principle sought for, first in breech4oaders, now in magacine guns, 
has been " to reduce to a minimum the time during which the soldier 
remwns with gun unloaded after each shot. It is not always necessary 
for a man to fire rapidly, but he should be able to load rapidly, as 
this gives him more confidence and affords a longer time for aiming 
with care. 
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I claim for Major W. R. LWermore, U. S. Armj, and mvaelf that 
we were the first to enanciate munj of theu very principlea. Also^ 
that we were the ilrgi to present for trial a magazine depending upon 
these principles, and not requiring an essential part of the working 
mechanism to he detachable. We had the magaEine fixed, and 
depended oq light packing cases far rapidlj refilling it. Our first 
attempt was in the transformation of the Hotchkiss gun, as shown in 
Fig. 9. A slot in the butl'etock opens into the tubular magazine, 
and this slot can be filled by hand with loose cartridges, or by means 
of the prepared packages. The cartridges are then fed forward 
through the tube. 




«*. B, 

We then devised a fixed magazine which fnlfllled most of ths 
conditions just spoken of. This magazine is placed at the side of the 
receirer, with an opening at the top where the cartridges can be in- 
serted. This is arranged so that one cartridge can be pnt in at a 
time, or alt can be pnt in at once from a packing case which is placed 
over the mouth of the magaeine, the cartridges being forced down into 
the mi^iaEine with the finger, and the case thrown awaj. This can 
be done whether the gun is loaded or not. Means are also provided 
for cutting off the magazine if desired. There is also a slot in the 
side of the magazine which enables us to see how many cartridges 
remain ready for nse. 

Fig. 10 is cross section of this gun through the magazine, and Fig. 
11 represents the packing case used for filling this magazine and the 
Hotchkiss modification above described. Fig. 12 Is a view of the gnn 
and magazine. The bolt was made to work forward and back with- 
ont turning, a principle followed in the more recent Mannlicher gnn 
mentioned below. 
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A recant Swiss gun-— the Rubin- 
is filled from packages idendical with 
those devised by ns. Fig. 13 is an illos- 
traiion of the Rubin packing case, which 
is also nsed with tb« SchulhoEF gun de- 
scribed ttelow. Id the Rubin gun the 
breech Ixilt has to be drawn out before 
filling the magaEine, which is only acces- 
sible through the receiver, being in posi- 
tion like that of the Lee, but fixed instead 
of detachable. 
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The SchalhoS gun is another of the recent foreign guns. The 
magazine is drum-shaped, and placed under the receiver. Within this 
drum ia a reTOIring carrier, which causes the cartridges to run around 
a central spindle^ and presents ibem one after the other at the bottom 
of the bolt. This magazine, can be filled with cartridges one at a 
time or all at once from a packing case. Fig. 14giveB a view of the 
Schulhofi gun ; Fig. 15 a cross section through the magazine. 
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In the Anstrian gan, the Manolicher, the boll, instead of being 
poBbed in and tamed, is operated bj a forward-and-back motion sim- 
ply. The magazine is fixed nnder the receiver, like the Rubin. A 
packing csee filled with cartridges is inserted in the magazine and left 
there, the cartridges being fired from the case, and when the case 
is emptied it drops through a slot in the bottom of the magasiDC. 
TbiB gun cannot be used for single firing, and the cartridges cannot 
be inserted one at a time. It also has the disadvantage that it is 
Decessary to open the breech to fill the magazine, as the packing^case 
bus to be inserted through the receiver. 

Fig. 16 shows the Mannlicher gun, and Fig. 17 the [Mcking case 
used to fill it. Fig. 18 shows the small caliber cartridge with pro- 
jecUng flange nsed in the Mannlicber. The fhuiges have to be over- 
lapped in the magazine to leave the top one free to move forward with 
the bolt, and a corresponding arrangement is necessary in the packing 
case, living it a definite top and bottom. 
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vie- If. Wig. u. pi(. 10. Fig. ao. 

Id place of tbe German gnu, illuitrated above in Figs. 3 and 4, 
one having a magazine similar to tbe Matinlicher has been adopted 
far tbe German army; the bolt being of the old pattern shown in 
these figares. The use of flangelesa cartridges allows the insertion of 
the packing case either side np. A groove around the base of the 
Dew cartridge ^ves a hold for the extractor, as shown in Fig. 19, 
hut this does Dot show the bottle shape of the German cartridge. 

Fig. 20 shows the U. S. service cartridge caliber .45. The cart- 
ridges are shown In actual siie. 

Capu RusseU also exhibited an in- 
specting mirror of hie invention for 
examining the bore of breech-loading 
small arms. Fig. 21 gives a view of 
this instrnment, and Fig. 22 illustrates 
its use with the Springfield rifle. 
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Most of the guDB already spokeo of were exhibited, as were also 
the Feabodf, the Colt rifie, and Beveral others. 

Numerons drawings, representing sections, etc, of many styles 
of guns, arranged in the order of development, were used to illustrate 
the lecture. Among them were drawings of the Maxim automatic 
recoil rifle, and an electric gun. Illustrations were given of magazinn 
guns, like the Spencer shot gun, and the Colt rifle, operated by means 
of a slide under the barrel ; also of the Burgess guu, operated by 
meaDS of a slide on the small of the stock. The latter has the advan- 
tage of operation with the right baud, while the left hand, grasping 
the barrel, steadies the piece. 

At the close of the paper, Capt. Bussell expressed his thanks 
for the courtesy shown by Hartley & Graham, of New York, William 
Bead & Son, and J. P. Lorell Arms Co., of Boston, in offering and 
furnishing arms for exhibition. 



MEETING 397. 
The Fhytical Propertttt of bon and Sutl at Higher TempenOurea. 



The $97th meeting of the Socibty of Arts was held at the 
Institute on Thursday, January 9, 1890, at 8 p. h., Prof. Gaetano 
Lanza in the chair. 

After the reading of the records of the previous meeting, the 
Chairman introduced Mr. James E. Howard, of Watertown Arsenal, 
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who read b paper on " The Physical Propertiea of Iron aod Steel at 
Higher Temperataret." 

Mr. HowAKD said : The results vbich I have the pleasure of 
presenting are from experiments made at the Watertown Arsenal. 

First referring to the coefficients of expansion or dilatation by 
heat. The raoge of temperature employed was about 210 degreea 
Fahr., as shown by mercurial thermometers, the expansion of the 
metal being observed over a specimen length of 35 inches. 

The method of measuring the expansion was as follows : — 

A ganged length was laid oS on the experimental bar and defined 
by drilled and countersunlc holes. A micrometer, mounted on a 
carrying frame which had conical points made to enter these drilled 
holes in the specimen, enabled the length of the latter to be measured 
and compared with the length of a standard bar. When in use the 
standard bar was kept at a uniform temperature in a bath of ice-water. 

The experimental bars were first placed in the ice-water bath 
and initial measurements of their lengths taken, after which they were 
transferred to a bath of hot oil and again measured. Generally, the 
specimens were returned to the cold bath and remeasured for the 
purpose of verifying the observations previously made. The bars 
remained in each bath at least two hours before measuring. The 
micrometer was compared with the standard before and after each 
reading on the experimental bar. 

Tables I and II state the chemical composition and the coeffi- 
cients of expansion determined with two series of steel and iron bara. 
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From these tables it appears that the expansioD of wrought iron 
and mild steel is greater than that of hard steel and cast iron. The 
expanaioD of mild steel was fonnd to be about 67 ten millionths of its 
length fier degree Fahr. In steel of 1 per cent carboa the rate of 
expaDeioo falls to 61 ten millionthg, and the expansion of the cast 
iron was less than that of the hard steel. 

In the flfBt <«ries of experimente variatious in the rat« of expan- 
alon followed approximatdy the carboa of the steels, and alao the 
quantity of iron present. 

Id the second series there was a wider range taken hj the other 
«leraeDtB, and indications here led to the condnsion that carbon has 
the groats influence upon the rate of expansion. This deduction 
ap[dies to annealed metal, or that whidi has been finished hot. 

1^ bars of (fa« first series, rcpreeenting iteelt containing from 
.09 to .97 pet cent carboa, were subjected to the special treatment of 
being heated a bight cherry red and quenched in oil, reheated and 
quenched in wAter. The first quenching was done in oil at 8 
Fahr. 
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The behavior of the bars noder ruing temperature teemed erratic, 
especial); the bjgfa carbon bars which appeared to have an abnormally 
low rat« of expauHon. BetnrniDg the bars to the cold bath their 
contractioD, although not identical, agreod fairly well with their ex- 
pansion observed previous to the oil treatment. 

The seemingly erratic behavior nnder rising temperature was 
now explained by the permanent changes in lengths which were found 
to have occurred while heating and cooling to and from 235 degrees 
Fahr. Generally the bars were found permanently shortened at the 
close of these observations, a feature very pronounoed in the bars con- 
tMoing the highest amounts of carbon. 

Following the oil treatment the same ban were again beat«cl 
bright cherry-red and quenched in water at 50 to 55 degrees. The 
same kind of behavior observed after the oil treatment was now 
exhibited, but in a more marked degree. Estimating the coefficients 
from the expansion during rising temperature, bat the values of which 
are vitiated by the permanent changes in length then going on, and 
a bar containing .97 per cent carbon had an apparent coefficient of 
only 28 ten millionths of its length, whereas the contraction daring 
falling temperature indicated a coefflcient of 73 ten miltionths, and 
three other bars of the series gave results above 70 tea millkmthB, 
under falling temperature. 

Heretofore the bars had displayed lower ooeffidanta aa the 
amount of carbon they contained increased, bnt now after hardening 
in water there resulted a decided elevation of the coefficieuU in the 
high carbon steels. 

For a period of six hours the quencbed-in-water bars were kept 
at a temperature of SOO degrees. This caused a further permauenl 
diminution in length when cooled, most conspicuous in the high carbon 
steels, yet their coeffioieuta remained highest. Finally, the bars were 
annealed by heating cherry-red and cooling in pine shavings, which 
restored the rates of expansion nearly to the primitive values. 

If we may judge from the diminution in lengths, the mild steels 
more nearly reached a state of repose than the bard steels under the 
moderate temperatures which preceded final annealing. Additional 
experiments are needed to establisb the minimum temperature at 
which the restoration in the rate of expansion is. complete and the 
length of time necessary to maintain that temperature. 
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Hie modali of elasticity were obtaioed with the fint aeries of 
bare at atmospheric temperatnm, aod ^ain at higher temperatures 
Dp to 495 d^^rees Fahr. The specimens were strained in a bath of 
hot oil. Micrometer observatioDS were taken in a similar manner ta 
those when determining the coefficients of expansion, that is, the con- 
ical point! of the measuring instrnment reached down through the 
surface of the oil in the l>ath to the drilled holes in the specimen, and 
enabled the itraius to be measured. Elevation of temperature is 
found to lower the modalns of elasticity. The different grades of 
Bleel, wrought iron, and cast iron behaved alike in this respect, 
althongh differing in degree. 

The reduction in the modulus of elasticity for a range of about 
400 degrees, beginning with atmospheric temperature, was found 
from 3,595 to 8,294 lbs. per square inch per degree Fahr. for the 
steels. Lower valaes were obtained wiA the cast iron and inte^ 
mediate values with the wrought iron. 

It does not appear, however, that the reduction takes place at a 
uniform rate with increase of temperature ; or, stated difierently, the 
redtiction is not directly proportional to the expansion of the metal 
by heaL 

Two bars of the second series were experimented with at tem- 
peratures readiing 1,400 degrees Fahr. The heating was done in a 
hot-air muffle, estimating the temperatures of the tests from the expan- 
sion of the metal between reference points 10 inches apart A speci- 
men which contained .26 per cent carbon had an apparent modulus 
of elasticity of 29.000,000 lbs. per square inch at 70 degrehs Fahr., 
which was lowered to 16,981,000 at 1,359 degrees. And another 
specimen containing 1.07 per cent carbon showed a reduction from 
29,771,000 at 70 d^rees, to 14,173,000 lbs. per square hich at 1,400 
degree^ Fahr. 

Observations on tliese two bars at tntennediate temperatures 
indicated an accelerating rate of reduction at the modulus of elasticity 
as the temperature increases. Overstraining at atmospheric tempera- 
ture causes a temporary reduction in the mednlus of elasticity. The 
effect of overstraining at high temperatures upon this point is not 
conclusively indicated by these espenments, the evidence of different 
tests being of a conflicting nature. This important feature will be 
investigated in subse^ueBt tests. 
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The erperimeotal ban under tenaile test were endoaed in a hot- 
nir muffle. The heatiDg Wm done by meRba of gaa bnrnen arranged 
vithiD the muffle and beloW the specineti. By Tarying the number 
of buroers in use, the presaure of the gas, and diaoging diaphragma 
Id the muffle, a fairly uniform temperature was maintuQed at any 
desired point. The ezpwsion of the heated specimen was measured 
In the same manner as described for the coefflcient of expansion 
determinations. The holes defining the ganged lengths of the tensile 
specimens were six inches apart. It is not thought that the error in 
measuring the expansion exceeded .0003", whidi corresponds to a 
Variation in temperature of 5.4 degrees, according to the lowest 
coefficient of eitpansion used. It was assumed that the rate of espau- 
sion continued uniform, and the coefficients developed at moderate 
temperatures were used in estimating the higher temperatures of the 
teste. The reports containing the full details of the tests state the 
observed expansions. 

The elastic limit appears to diminish with increase of temperature. 
The limit here referred to is that at which the rate of elongation 
shows a rapid ioOTease under equal increments of load. With some 
metals at certain temperatures the elastic limits thus defined corre- 
apond closely with the limits at which permanent sets are discovered. 
In other oases the dastic limit is vague and uncertain. 

According to the definition adopted, it Is probable that the elastic 
limits as recorded are not too low, and the exclusion of permanent 
sets would in most cases give lower values. Steel of .09 per cent 
carbon, which had an elastic limit of 33,000 lbs. per square inch, at 
70 degrees had an elastic limit of 16,000 lbs. per square inch at 934 
decrees temperature. 

The tensile strength does not appear to follow the same law 
which goveruB the elastic limit. Its value diminishes for a time, thea 
increases, and afterward diminishes. Beginning with aero tempera* 
tnre, die tensile strength diminishes with increase of temperature, 
until a minimum is reached between 200 and 300 degrees. From 
thie t«mperalnre of first minimum strength the metal displays in- 
creased tenacity aa the temperature rises until a maximum is reached 
at 400 to 650 degrees Fabr. From the temperature of maximum 
strength the tenacity diminishes until the highest temperatures are 
reached covered by these experimeula. The mild steels appear to 
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T«ach the place of firet miDimam strength somewhat earlier than the 
hard steels. The hard steels from this first minimum increase in 
stren^h rapidly nntil the highest aU^ngth is attained, after which a 
rapid decline follows. The mild steels retain a high strength over a 
wider range of temperature, and do not lose in strength so mpidly aa 
the harder metaL The greatest loss obArved in passing from 70 
degrees bo the place of first minimnm strength was 6.5 per cent at 
295 d^^es, which was shown by a bar cont^ning .89 per cent carbon. 
The greatest gain in per cent over the strength at 70 degrees was 25.8 
per cent, shown by steel of .09 per cent carbon, aldiough in pounds 
per square inch it was exceeded by steel of .57 per cent carbon where 
the gain was 15,120 lbs. per square inch, or 12.8 per cent. The 
total difference in the strength of steel containing .57 per cent cariwD 
between 314 and 587 degrees maximum and minimum places respec- 
tively was 21,200 lbs. per square inch. As higher temperatures are 
reached the several grade* of steel approach each other in strength. 
Thus steels which differ in tensile strength over 100,000 lbs. per 
square inch at atmospheric temperature differ at the temperature of 
1,600 degrees less than 10,000 lbs. per square inch. Their relative 
positions are retained throughout, th|it is, steels which are strongest 
cold are also strongest hot, at least up to the highest temperatures 
reached by these experiments. 

Referring to the relative influence of higher temperatures upon 
the elastic limit and tensile strength, steel of .09 per cent carbon at 
the temperature of 460 degrees reached the maximum observed tensile 
strength for tbis grade of metal, and displayed a strength of 125.8 per 
cent that at 70 degrees, but at this time the elastic limit was 78.2 
per cent that of the cold bar, and at 847 degrees the tensile strength 
was 8.4 per cent above the cold metal, while the elastic limit was only 
51.5 per cent that of the cold bar. The other grades of stee) behaved 
in a similar manner with less pronounoed differences in the harder 
metal. One grade of wrought iron, designated by the letter B, re- 
sembled the mild steel in its behavior. Another wrought iron, called 
iron A, furnished an exception to the rule, that the elastic limit 
steadily dimiuishes with increase of temperature. At 689 degrees 
this iron had an apparent elastic limit 102.2 per cent of that found at 
70 degrees. Iron A had been str^ned with 42,320 lbs. per square 
inch seven years before these hot tests were made, and this particular 
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iron was selected becatue it had been found exceuively red-short at a 
welding temperature. The metiu ehowed high strength, and not until 
reaching 1,568 degrees temperature did its hot-short crumbling nature 
appear. The cast iron gradually increased in strength up to 900 
degrees, above which temperature the strength slowly diminished. 
At 1,600 to 1,700 degrees Ae surfaces of the specimens after rupture 
were broken by numerous fine cracks. It is remarkable that the cast 
iron at these high temperatures had about the same strength as the 
Bt«els whic^ were so much stronger cold. 

Total elongation is generally greatest at ordinary temperatures. 
Although the metal is capable of being worked under the hammer at 
high teihperatures, it does not then appear to have sufficient strength 
within itself to develop large elongation. Local contraction at the 
place of rupture is distributed over so large a pari of the specimen at 
the highest temperatures that elongation independent of local con- 
truction is not at all timet dearly shown. Furthermore, as the stress 
per square inch on the contracted section increases as the metal draws 
down, it is difficult to distinguish when general elongation ceases and 
when the stretch is confined to the section about to rupture, unless 
the specimen is accessible for iusj>ectiou. 

The elongation of the metal under stresses below the tensile 
strength presents interesting features. Thus, certain bars show a 
yielding point at or slightly above Hie elastic limit, at which lime 
stretching will continue without increase of stress, or even under 
reduced loads. At atmospheric temperatnre this yielding rarely 
occurs hut once, and is followed by a gradual elongation having an 
accelerating tendencjr as higher loads are reached. There may follow 
a period of abnormal rigidity immediately after tliis yielding point, 
but of short duration. Under moderate temperatures — 200 to 400 
degrees — several such yielding points have been observed, or alter- 
nate periods of relaxation and rigidity under inoreasing stresses. 

This behavior ^ves a zig-zag appearance to the curve represent- 
ing the tensile test. 

Observations on the contractile force developed during cooling 
showed the same kind of behavior took place under falling tempera- 
ture. It will be observed that these phenomena take place at a time 
when the metal is gaining in strength under rising temperature. 
Further, this peculiarity is noticed : that greater rigidity exists ander 
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certaia streasea at intanuediaM temperatnres than at either bigger or 
lower temperatDres. An Illostration of this kiud is farnighed by a 
bar of .81 per cent carbon teated at 569 degrees, which diBplayed lesa 
elongation ander ttreBsee above 50,000 lbs. per square inch, than 
other bars of the game grade of metal teated at higher or lower 
temperatures. 

The stress on the mptnrad section resembles somewhat but not 
closely tJie carve of tensile strength. The speed of testing affects 
this value more or less, and failure in detail may render it difficult to 
disdnguish when local contraction ceases and ruptnre begins. With 
hard and battle metal the stress on the ruptured section does not 
differ largely from the tensile strength : the converse is true of duc- 
tile metal. Steel of .09 per cent carbon tested at 492 degrees reached 
118,100 lbs. per square inch stress on the contracted seotion at the 
time of rapture. The tensile strength referred to ^e primitive area 
was 64,560 lbs. per square inch. The contraction of area at the place 
of rupture also varies with the temperature of the metal. It appears 
that contraction of mild and medium hard steel is somewhat less at 
400 to 600 degrees than at atnHMpheric temperature, and within this 
range of temperature diere is a tendency to fracture in an oblique 
direction across the bar. This characteristic is significant iu so far as 
it harmonizes with the brittleness observed in bending tests at these 
temperatures. The hard steels showed substantially the hame con- 
traction up to 500 degrees. Above 500 or 600 degrees the contraction 
increased with the temperature, with the exception of the hardest 
grades, whidi showed a stage of diminished contraction at 1,100 to 
1,200 degrees, until at the highest temperatures some of the bars were 
drawn down almost to points. A specimen of .37 per cent carbon, 
fractured at 1,572 degrees, conlrocted 98.9 per cent. Occasionally 
there are indications specially noticeable when large contraction occurs 
that rupture in some specimens begins at the center of the bar. A 
test was discontinued after reaching 94.4 per cent contraction of area, 
the temperature at the time was 1,451 degrees. By filing away a 
portion of the outside metalafter cooling, a cavity at the center of the 
bar was disclosed. Center-puocb marks on the sarface of the speci- 
men near Ibe place of rupture have elongated upwards of 300 per cent. 

The rate of speed of testing may, within limits, modify the results 
with ductile metal at atmospheric temperature, and has a decided 
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inflaence upon tbe apparent tenacity at high temperatures. The 
ordinary rate of speed in making these tests was from five to ten 
minotes each, according to the temperature and the amount of dactility 
displayed. A series of tests was made with steel containing .81 per 
cent carbon at ordinary rates of speed, and also rapid tests. The 
time required to reacb die maximom stress in the tatter class was 
from two to eight seconds of time. This metal which, at ordinary 
temperature, has little ductility displayed about the same strength, 
whether rapidly or slowly ruptured, from the temperature of the test- 
ing room up to about 600 degrees. Above this temperature the 
apparent strength of the rapidly-fractured specimens largely exceeded 
the others. At 1,410 degrees the slowly-fractured bar showed 38,240 
lbs. per square inch tensile strength. At the same temperature a bar 
tested in two seconds showed 63,000 lbs. per square inch tensile 
strength, as nearly as could be weighed. This illustration is an ex- 
treme one of it« kind. On tbe other hand, prolonged stress appears 
capable of rupturing tfae metal under loads below those which were 
required at the adopted speeds of these tests, but the differences are 
not so marked as those due to rapid testing. 

Socb considerations natarally' lead to the inquiry: What is the 
mazimnm tensile stress a metal can indefinitely sastain at different 
temperatures, and at what temperature does the value of such stress 
become reduced to zero. 

A number of bars were strained hot and subsequently ruptured 
cold. The effect of such trcattnent appears to depend upon the magni- 
tade of the straining force and the temperature in the first instance. 
There is a zone of temperature in which the effect of hot straining 
elevates the elastic limit above the applied stress, and above the primi- 
tive value, and if the straining force approaches tbe tensile strength, 
there is also a material elevation of that value when ruptured cold. 
These effects have been observed within the limits of 335 and 740 
degrees. Bars of .57 per cent and .97 per cent carbon, respectively, 
overstrained within the zone of 400 to 1,000 deg^es, displayed leas 
contraction, including that which occurred during the hot test and 
when finally ruptured cold, than the original cold tests displayed, 
which behavior is in accord with the brittlenees observed in some 
metals auder bending tests after similar treatment. After exposure 
U> hi^er temperatures, there occurs a gradual loss in both elastic 
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limit and tensile strength, and generally a noticeable increase in the 
contraction of area. But simply heating without straining vas found 
to anneal and lower the strength of barg of .97 per cent carboa 
exposed to temperatnrei of 1,529 and 1,684 degrees respectively, the 
coDtracUon of area, however, remaining onchauged. 

The data thus far developed seem iasufflcient to ezpUin the rela- 
tive influence on the final strength of the metal due to eipoeare to 
high temperatures, the duration of such exposure, and the tensile 
itreia then applied. 

It dues not seem inconsiBteut with obnerved facta to believe that 
each of these features may arrive at a stage of relative greatest import 
tutce at different places along the thennometric scale. 

The color of the bars after cooling was not sensibly changed by 
temp^vtures below 200 degrees. After 300 degrees the metal was 
light straw colored ; after 400 degrees, deep straw ; from 500 to 600 
degrees, purple, bronie colored, or blue ; after 700 degrees, dark blue 
and blue-black. After 800 degrees the final color affords less sati^ 
fsctory means of approximately judging of the temperature, the color 
remaining a blue-black and darker, until a thick magnetio oxide is 
formed, A smootii glaced surface was found on specimecs heated to 
1,000 to 1,200 degT«es^ which offered considerable resistance to the 
effect of acids, and gainst corrosion in a damp atmosphere. The 
oxide tints found at lower temperatures were immediately removed 
by the action of acids. At about 1,100 degrees the surface oxide 
reacbee a tangible thickness, a heavy scale of .001 of an inch to .OOS 
of an inch forming as higher temperatures are reached. The red 
oxide appears at about 1,500 degrees Fahr. When the oxide has a 
tangiUe thickness, it is more or lees looeened from the surface of a 
doctile metal ruptured cold. Some specimens ruptured after exposure 
to the lower temperatures of 600 to 700 degrees have had the surface 
coloring slightly broken, but such is not generally the case. The 
fracturee of specimens with straw-colored cylindrical surfaces were not 
celored. Those with blue surfaces showed fractured ends deep straw 
and brown. The fractores of dark blue utd btue-black specimens 
agreed with the cylindrical surfaces. The specimens were allowed to 
cool immediatdy after rupture, hence the surfaces of the fractured 
ends were exposed l« the atmosphere only a brief period of time, while 
at the maximum temperature. 
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Specific gravity determinatioDi, although the results litck noi- 
formity, show diSerencea thonght to be sutficientlj proDoanced to 
indicate that in general the density of the metal is materially dimin* 
ished in the vidnity of the place of rapture of tensile specimens, and 
that this diminution takes place in the different grades of steel, in ban 
ruptured under different conditions of temperature, stress, and con- 
traction of area. 

The specific gravity of the truncated ogival ends of fractured 
tensile specimens has been foimd .2 percent lighter tban samples from 
the original hot-rolled bars. Strain caused by the application of a 
stress inferior to the elastic limit appears to take place at once. No 
dtfierence in the deflection of a transversely loaded shaft was detected 
at the highest speed experimeitl«d with when Uie stresses dumged 
from tension to oompressioo in 'one forty-fifth of a second, the shaft 
being mn at atmospheric temperature, and, when under the highest 
load, with a maximum fiber stress of 60,000 lbs. per aqiiare inch. 
Common experience has shown that the full effect of a load superior 
to the elastic limit is not immediately felt in the elongation of a dac- 
tile metal, which appears to be true also at higher temperatures. It 
is difficult to make a direct comparison of the rate of flow at different 
temperatares, as the elastic limit and tensile strength are changing in 
the meantime. A number of examples point to the conclusion that 
a more sluggish slower rate of flow may take place at high than at 
low temperatures. A specimen of steel of .97 per cent carbon was 
observed for a period of three hours, during which the elongation con- 
tinued at nearly a uniform rate of speed, stretching about .0008 of its 
length each five minutes, under a stress of 20,000 lbs. per square inch. 
The initial and final temperatures of the test were 1,170 and 1,189 
degrees respectively. Another example furnished by the same grade 
of metal, in which the observations were limited to one hour, showed 
the mean rate of flow to be .0015 per nnit of length per five minutes, 
with a slightly accelerating tendency. The stress was 5,000 lbs. per 
square inch, and the initial and final temperatures 1,505 and 1,494 
d^i;rees respectively. 

Heretofore we have been considering the effect of higher tern* 
peratnres upon the strength of the metal exposed to simple tensile 
stresses. 

Experiments were made with riveted joints, io steel boiler plates, 
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at temperatures from 70 to 700 degrees, over which range the reenltB 
of the tensile testa of the plain bara were corroborated. Biveled 
joints at 200 degrees showed less strength than when cold j at 250 
degrees and higher temperatares the strength exceeded the cold testa, 
and when overstrained, approaohing the limit of rapture, at 400 to 
500 degrees there wu found when completing the test cold an increase 
of strength over the duplicate cold test made in the ordinary manner. 
A single riveted hutt joint tested at 500 degrees ruptured with 81,050 
lbs. per square inch on the net section of plate, whereas the corre* 
sponding joint tested cold failed in the same maoDer with 65,000 lbs. 
per square inch. Another joint at 500 degrees reached 119,980 lbs. 
per square inch compression on the bearing surface of the rivets. 
Still another joint, which was strained at 500 degrees, then cooled to 
150 degrees and ruptured, sustained 137,110 lbs. per square inoh oom- 
pression on the bearing surface of the rivets. 

As none of these joints failed hy direct crushing of the metal at 
the bearing surfaces, without delining the crushing limits under these 
conditions of test, we are enabled to say the metal is capable of sus- 
taining very high compressive stresses in this sone of temperature. 

Rivets which sheared oold at 40,000 to 41,000 lbs. per square 
inch at 300 degrees sheared at 46,000 lbs. per square inch ; and at 
600 d^rees, the highest temperature at which joints were raptured 
failing in this manner, the shearing strength was 42,130 lbs. per 
square inch. 

The internal strains in some oil-tempered and annealed steel 
cylinders have been investigated. The cylinders were numtiered 7, 
8, and 21. 

The salient features of the investigation were that cylinder Mo. 7, 
which was oil-tempered, annealed, and then retempered, was found to 
have the entire surface metal, exterior bore, and ends in an iaitial 
state of compression, aod the interior of the mass in a state of tension. 
The maximum stresses found were 47,161 lbs. per square inch com- 
pression, and 938 lbs. per square inch tension. The latter stress not 
representing, however, the maximum amount which was in the cylin- 
der when entire, the inaccessibility of the tensile metal at the time 
preventing that value being ascerMined. The strains in cylinders 
Nos. 8 and 21 were of small magnitude, showing the final process of 
annealing to have been very efficienL The middle section of cylinder 
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No. 8 waa cnt into two ilicee and each re-traated at Watertown 
Arsenal : the earlier treatment was done at the steel works. Slice 
No. 1 was hented cherry-red and qnenohed from the bore with oil at 
65 degrees Fahr. Slice No. 2 was heated Ivighl-red and cooled from 
the bore with water at 80 degrees. The maximum stresses in slioe 
No. 1) ccHDputed from the stfains which were released when the slice 
was cut into detached concentric rings, were 18,984 lbs. per square 
inch tension, and 84,669 lbs. per square iocfa compression, the com- 
pressive strains being next the bore. The maximum stresses in slice 
No. 2 were 50,814 lbs. per square inch tension, and 59,060 lbs. per 
sqnare inch compression,'.- a total range of 109,874 lbs. per square 
inch in the same piece of metal. The compressive stress exceeded 
the primitive elastic limit of the metal. Even this is not all, for the 
observed stresses were the means for their respective rings, the rings 
which were cut apart radially showing additional strains not released 
until then. The inside ring of slice No. 1 was turned down in the 
lathe, reducing its exterior diameter in successive stages each, until 
its thickness had been rednced from .25'' to .05" thick; in the mean- 
time the bore continued to expand at each operation until the stress 
corresponding to the strain released was 60,720 lbs. per square inch, 
against 84,669 lbs. per square inch displayed by the entjre ring. The 
ring was then turned down to .025" thickness and cut apart radially, 
whereupon the ends opened .147," thus showing that a difference of 
iuteusity of stresses remained in this thin ring. Retrogression of 
intensity of strains occurs very rapidly when departing from the 
quenched surfaces. Observations were made on the persistence of 
internal strains under higher temperatures. Detached rings from 
cylinder No. 7 were cut apart at one side, the ends wedged apart, and 
the rings then exposed to the anueating effect of different temperatures. 
The wedge was driven ontit the elastic limit was exceeded, as shown 
by the permanent set in the chord measurement across the cut. In 
this condition the ring was under the maximum internal strains which 
it was capable of receiving at atmospheric temperature. The additional 
permanent sets observed on the chord measurement indicated the 
release of internal strains after exposure to higher temperature. 
Strains were released at 428 degrees, and increased sets found as 
Iiigher temperatures were employed. The highest temperature reached 
was about 1,450 degrees. This temperature did not entirely eliminate 
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the interna] itrains, the restoration in chord measnTement which fol- 
lowed the removal of th« wedge after this temperstare showed the 
metal had an appreciable elastic limit at that temperatare, althoQgh a 
low one. This same ring was next heated cherrj-red and queached 
in oil. Now, snhjecttng it to the temperature 410 degrees, wedged 
apart ■nbstsDtially the stune amonnt as before, and the permanent set 
found wag over six times the magnitode of the set after heotiag to 
nearly the same temperatare in the first instance. This remarkable 
difference in the persuteuce of internal strains displajed by the ring 
before and after the last retempering demands fnrlJier inrestigBtion 
in order to ascertain the influence of interrening periods of time, of 
different initial states of hardness, and different methods of tempering 
and hardening. 

Specific gravity delerminattODS with sectors from cylinder No. 7 
(the pieces were small, weighing in air about 33 grammes each) 
showed, after heating cherry-red and quenching in oil, a slight increase 
in density, and when quenched in water from the same temperature a 
decided loss in density. Again heating cherry-red. and reversmg the 
pieces in the quenching fiuids, the same differences were displayed 
as before, that is, quenching in oil caused an increase in density, 
quenching in water a decrease in density. Heatiog nearly white hot 
and quenching in oil caused a decrease in density, as the water had 
done at lower temperature. As similar treatment is found to cause in 
different spedmens both internal strains and changes in density, these 
two features may be regarded as correlated functions. 

From what has just been said we see that internal strains' are 
released by elevation of temperature, and the extent to which they 
are released depends upon the temperature reached. Earlier remarks 
stated that the elastic limit diminishes with increase of temperature, 
therefore we infer that strains in excess of the elastic limit at the 
annealing temperature are released by that temperature, and complete 
elimination of internal strains would therefore require a temperature at 
which there was practically no elastic limit. 

Phenomena attending the oveP4training and alternate straining 
of iron and steel are under investigation. It appears that certain 
steel bars which originally possess an equality of elastic limits under 
tensile and compressive stresses, when loaded beyood the elastic limit 
in either direc^on, lose in the elastic limit in the opposite direction. 
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The loss has been found very serious, amonnting in some cases to 
almost complete eliminalioa of the elastic limit in the opposite direc- 
tion to the orar^tnuning load. Tbaa, a metal having elaaUc limiu 
nnder tension and compression eacb 50,000 Ibe. per square incb 
would have a total nmge of stress of 100,000 lbs. per square incb 
before overloading. Exceeding the tensile elasUc limit, say, 1,000 lbs. 
per square inch, and there results a loss in the oompression elastic 
limit, so that the total range of stress within the limits of perfect 
elastidtj is now little if any above 51,000 lbs. per square inch. Bars 
overstrained in this manner have been annealed at different tempera- 
tures, from 1,180 down to 278 degrees. 

The eqaality of elastic limits was measnrably restored even by 
the lowest annealing temperature. Under the higher temperatures 
the restoration was nearly or quite complete. 



MEETING 398. 
Combination Voltmeter and Ammeter for Shetrieal Meaturemenli. 



The 398th meeting of the Societt of Arts was held at the 
Institute on Thursday, January 23d, at 6 F. H., Mr. G. W. Blodgett 
in the chair. 

After the reading of the records of the previous meeting, the 
chairman introduced Mr. Antbooy C. White, of the Bell Telephone 
Co.. who read a paper on a " Combination Voltmeter and Ammeter 
for Electrical Measurements." 

Mr. White said : The phenominal growth of telegraphy, tele- 
phony, and electric lighting during the past few years has rendered 
more and more imperative the demand for accurate and commercial 
apparatus for measuring the various quantities involved in each of 
these branches of electrical engineering. 
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At tbfl be^noing of the present century the galvanic ceJi wu 
'disoovered. This invention tra? of botvery liUle oommeroudimpoH)- 
Mice until the diacovery of the Moras tdegraph in 1837. The di»- 
«0VNy of the carbon tnuiBmitter of telephonj still farther increased 
its valae, and today there is no branch of dectrical engineering of 
more importance than that of die galvanic or voltaio battery ; yet, 
fltrange to say, there has been no oommerdal inttrnment in the 
market for measnring the electro-motivB fonse and internal resistance 
of batteries up to the present time. The result has been that there 
is a vast amoanl of superstition ffloat in regard to batteries, and, out- 
side of a few electrical laboratories, absolutely nothing is known in 
regard to them. 

In the fall of 1887 I began a series of tests upon various bat> 
teries, with laboratory apparatus, which led to the inventioB of the 
apparatus .under discassion this evening. The electrical arraogement 
ior determining the electro-motive force of batteries was the well- 
fcnonn Lacoine's method, which is as follows : — 




In Fig. 1, .Sis a standard battery whose electro-motive force is 
ftlreadv known. S^ is the battery whose electro-motive force we 
wish tt> find. Let these letters also represent the riectro-motive 
forces jof these bfttteries, respecdvely. S represents a Used resist- 
ance ; r, a reeistauce which we con vary at wilL G is a galva- 
nometer. The battery E tends to send a current through the galva- 
nometer in the direction indicated by the arrow A, tending to caase a 
derfleotioB of the galvanometer needle, say to the rigbL The twttery 
E^ tends to send a current in the opposite direction, indicated by the 
Arrow B, tending to cause « deflection of the galvanometer needle to 
the left. When both batteries are acting upon the galvanometer, its 
needle will be deflected to the right or to the left, according to which 
of these tendencies is the stronger. It is evident Uiat the current that 
the compared battery M tends to send through the galvanometer can 
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be Tftried at will by meuu of the adjiutAble reuitasoe r. Let lu 
make r such that these two tendeociea ahall be equal. Then there 
will be DO corrent throngh the galTBnometer, and its needle will 
remain nndeflected. In this cau C, the cnrreDt delivered b; the itand- 
ard battery, mnit be equal to C,, the current delivered by the com- 
pared battery. Furthermore, the pointa C and I> being at the Mine 
poteudal, nnoe there is no oorrent throagh the galTanometer, may be 
oonnecl«d by a wire v& resistance. But in this <!ase, from Ohm's 
law, 



0=-, 



0, = - 



.B,= \ 



And sinoe C = 0^ 

^ 

R~ r •'• "^^ R^ 
Or, since £1 and R are both constants depending apon the electro- 
motive force of the batl«ry used as a standard and the nnmber of 
ohms chosen for the fixed reaistaoce, we may write, 

where a is some constant 




Fig. 2 represents the apparatus as originally set op for meaanr- 
ing the electro-motive forces of batteries. A, B, C, D represents an 
ordinary Wheatstone's bridge. The standard battery, togedier with 
a key, is placed in circuit between B and D. The compared battery 
is connected to as to bridge around the infinity point MAS'. One 
terminal of a telephone receiver is connected to J), the other terminal 
being left open. 1,000 ohms is throurn in at ^ for the fixed resist- 
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«8 



UMMi, k11 the other pings between A abA B being iDwrted. Bwist- 
•noe is llien introduced in the veriable side of the bridge, h> tJimt 
upon closing the key K do oliok ia heard in the reoeiver when the 
telephone drcuitiaolOMd between 27 uid^. The theoreticAl artwige- 
ment ia shown in Fig> 8. 




Fig.3 



This is obviously a simiUr arrangement to that described before, 
for M, the Sked resistance, oontrols the onrrent delivered by the 
standard battery, and the variable resistance r oontrols the current 
given by the compared battery. 

The apparatus that we then used for detenniniag resistances of 
batteries was constructed upon the well-known Mance's method, but 
since it has no special bearing upon the apparatus which I shall 
describe tonight for this purpose, we will give it do further considers 
tion. 

Let OS now discass more in detidl Laooine't method of determin* 
ing electro-motive force. From Figs. 4, 5, 6, and 7 it will be seen 
that there are four ways in which the galvanometer resistances aud 
batteries can be grouped. 




PiC.( 



F«.7 
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£] Ptg. 4 the efFeot of the Bt&Ddud tMtt«>7 npan the gklTBiioiiiflter 
u determined hy the fixed reuatanoe, and that of the compared bat- 
ter; bjr the variable reeistance, the gidTaaoneter beiug oolinecled 
between the medial point of the two batteriee and tke jnoetara of the 
two reBistancea. Aa we have before proTeu,.the carrent delivered by 
each battery is the tame when there ia uo current flowing through 
the galvaoometer, and we can write i — 

Therefore, B,= -^r =ar 

Fig. 5 represents the case where the fixed resistance is placed iil 
the compared battery circuit, and the variable resiBtance in the 
standard battery circuit, the galvanometer being connected m before. 
When there is no current thioogh the gHlvaaometer we can write as 

above, -=-gi 

llierefore, £j= ^/f— = fr- where lissome constant From this 

formula we see that £,| the electro-motive furee We are measuring, 
will vary inversely to die variable reautance. 

To illnstrate the radical diflerence between these two «omlHna< 
tions, let us take for our standard battery the Jlaniell's cell of 1.1 volt4 
electro-motive force, and for our fixed resistance, X, 1,000 ohms. Sup- 
pose, now, the galvanoDfeter remains at when (here a^ 200 ohms 
in the variable resistance, t. Then, if oar electrical connections are 
as represented hi Fig. 4, we have for .die valu^ of JC^ the unknown 
electro-motive force, 



On the other hand, if the arrangement is such as represented in 
Pig. 5, the, unknown eleclnMBOtive toree would be, under the same 
conditions) 



it, Google 



- 1.10 X 1000 



200 



fieferrin; to Tigs. 6 and 7 it will be mod that the electrioal con- 
Dectiosa in Fig.6«ra umihrto thoaeinFig. 4,theiiinGtioiiiof Jfjud 
r being tibe same in both G«es, and the formnU reprewnting the ralae 
of £, IB the same aa in Fig. 1. 



AltOrthe reaiatancea in Fig. 7 fill the same <^ce lu'in Fig. S, and 
we have for the v^ue of J?,, aa in Fig. 5, 

Let as now dlfcius these two different appticadona of Laooine'a 
metbod of meoaaring electro-motive force, to detennine their relative 
defeda and advantages. Let na aaaame that we are limited to an 
ordiniary Wheatatone'a bridge, with coils ranging from 5,000 ofaina to 
1 ohm, the snm total being 10,000 ohms. Far verj accurate work I 
have considered it advisable to nae aa high a valae for the fixed 
reuBtance as 10,000 ohms, and we will also aasnme that oor standard 
ia a Oaniell'a cell of 1.1 volts, and that we are measuring a atorage 
battery of 2.2 rolta. Then, if we have the Mrangement shown in 
Fig. 4, 

^1 



Or, 2.2 — 



l.IO 



■ — 20,000 



10,000 ' 

Bnt oar Vheatatone's bridge only gives us 10,000 ohms, and we 
shoold be nnable to meaaore so high an electro^notive force with the! 
coils at our diapoaaL 

With connections ^ven as in Fig. 5, we shonld'haTe with the 



Or, 2.2 — MO X 10,000 X -. whence' r — 5,000 o&ms. 
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Willi thU UTRii^ment, then, it ii oompA/aiiYtiy euf to meattire 
high electroHBotivfl foron with the ordinary Wheatstone's bridge 
where the cuitomary arruigement would fmil. 

On the other hand, mppoae die electro-modve force to be meo^ 
nivd wa> .SS volti instead of S.2 Tolta, then we haf e in the first case i 

•22 « ,i']^^ r From which r — 3,000 
10,000 

Conaeqaentl; we are within the range of the Wheatatooe'i bridge. 

With ciHinectiotu shown in Fig. 6 we have 

.2S •* 1.10 X 10,000 X -• Ftom which r — 50,000 ohnts, 

and we are beyond the capacity of the bridge. Cpoaeqaently, it is 
comparatively easy to neasnre low eleotro-mo^ve forces with the 
ordinary arrangement, where the special case would be oatside the 
range of the Wheatstone's bridge. I have employed a 4-point switch 
(or changing from one method to the other, and have found it entirely 
satisfactory. 

NeiUier of these combiuatioDs are direct4re«ding, however. In 
the first we are obliged to multiply the variable imiBtance by a con- 
stant to ebtun the required B, M, F. tn the second we have to 
divide a oonstant by the variaUe resiitance. Is it possible to make a 
direct^^ading volUneter out of either or both of these methods ? Let 
OS take the first arrangement, where 



If we make R of such a value that -^ shall be unity, or some dedmal 

of nnily, so that a becomes 1, .1, .01, .001, etc, then it ts evident that 
all that will be neoessary to obtun the value of £, will be to change 
the decimal point of r. For instanoe, suppose our standard battery 
has an electRMOotive force of 1.43 volts, and we make the value of R 
1,439 ohms. Let us compute the values of the variable coils that 
will make the voltmeter directrnading. For one volt we have : 

1 43 
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And linoe i?, Twriet directly m r, we can conatraot our coila thos: 
1.00 volt corretponds to 1,000 ohms id the variable resistance. 
.50 « " " 500 " 

.20 •• " " 200 « « " '< 

.20 « " « 200 " » « « 

.10 » " « 100 " " " « 

1.05 " « « 60 " " " « 

.02 " « « 20 ^ " « « 

.02 " « « 20 " " « « 



Conseqaently, if we constmct a voltmeter with variable reaiaU 
ance coils of these values, we shall have a direct-reading instrnmeDt 
reading from 0.01 to 1.00 volt To make this method direct-reading 

It IS not necessary to make the value -^ some ratio of unity, although 

this is the simpler way. For instance, suppose we compute the valae 
of r which would make £, unity, the standard battery and fixed resist- 
ance having been chosen beforehand. Let ns assume our fixed 
resistance H is 1,S75 ohms, and our standard battery 1.1 volts j then 
we have for the value of r for one volt ; 



Then we could build a direct-reading voltmeter by making the vari- 
able resistance coils as follows: 



For 


I.OO volt, 


1,250 ohms. 


« 


.50 " 


625 " 


" 


.20 « 


260 " 


« 


.20 « 


250 " 


« 


.10 « 


126 " 


« 


.06 « 


62.6 « 



Tn a direct-reading voltmeter constructed upon this principle the 
electrical connections and resistances would be as shown in Figs. 8, 
9, and 10. 
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c 






^r^ 


M 


^ 


..^ 


AS5». 



We will osBnnie that onr staodard batMi^ has an electro-motive 
force of 1.S6 volts, and that our fixed ooil baa a reBistance of 1,360 
ohms. Let ub baild oar voltmeter to meaanre electro-mo^ve forces 
from 6 to .01 volta. Then onr variable resistance coils will be 2,000, 
S,000, 1,000, 500, 200, 200, 100, 50, 20, 20, and 10 ohms, rospect- 
ivel;-, corresponding to 2, 2, 1, .5, .2, .2, .1, .05, .02, .02» aod .01 
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volts. The tenninkla of the aoorce of electro-modTe forou to be 
meaaared are connected, the positive to terminal A, and the oegft- 
tive to terminal B. The main drcait ia opened at tome point, C, 
and the terminals connected to the npper contacts of a doable eontact 
kef. The galvanometer circnit ia opened and the terminals taken to 
the lower contacts of the key. In this manner the standard battery 
circoit is kept open UDtU the key is depressed. 




Let ns see if a direct-reading voltmeter can be oonstnicted upon 

the principle of the special case where E^^ E Jt—. We will give 

to the fixed resistance S, as before, such a value that the product SS 

diall be unity or tome decimal of unity, for instance, 1,000. Then for 

1.00 volt, r — 1,000 ohms. 

.50 " " 2,000 " 



20 " 


" 5,000 


20 " 


" «,000 


.10 « 


" 10,000 


.05 " 


« 20,000 


.02 « 


« 60,000 


.02 « 


» 60,000 


.01 " 


" 100,000 



But a voltmeter built in this manner, of coils ranging from 1,000 
ohms to 100,000 ohms for the fixed resistance, would not be direct- 
reading. Fot instance, suppose the battery to be measured had an 
electro-tnotive force of .7 volt, the resistance would be intermediate 
between 1,000 and 2,000 ohms, but we have no such coils or combi- 
nation of coils that would give tbe desired resistance. 

One way to obtain a direct-reading voltmeter with this arrange- 
ment IS to make a dide resistance out of our variable coils, requiring 
for a range from 1 volt down to .01 volt 100 distinct coils and over 
100,000 ohms resistance. We could in this maiuier moke a direct- 
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readiag tDBtniment, but h would be difficult of constraetion bb well u 
expensive. 

Battebt Besibtakce. — In all battery work itU necessary to 
know the reBistance, aa well as electro-motive force of the battery. 
For this purpose the battery whose resistance we wish to measure is 
connected to a working resistance, and the electro-motive force at its 
terminals measured, its electro-mouve force an open circuit having 
been previously determined. These two measurements enable us to 
compute its reeiatauce. Let B represent a battery shunted by the 
resistance S. Let r represent the resistance of the battery. Let E 
represent the electro-motive force of the battery on open circuit, and 
E^ the electro-motive force at the terminals of the battery when 
shuuCed by the resistance R. From Ohm's law we have 



E E, 

And by transposition and reduction we have r ^ — ^ — - ^• 

Therefore, we can obtain the resistance of the battery by subtracting 
its electro-motive force on closed circuit through E ohms from its 
electro-motive force on open circuit, dividing the remaiuder by tbe 
smaller electro-motive force, and multiplying the result by the resist- 
ance of the working circuit. By making the resistance of the work- 
ing circuit equal to 10 ohms the process is very much simplified. It 
is necessary to get the value of £^, the electro-motive force upon 
closed circuit, upon the inetaut of closing the circuit through the 
working resistance on account of polarization. To do this by means 
of the direct-reading voltmeter it will be necessary to use a triple 
contact key, and provide some means of opening the 10-okm coil 
when not in use. It may also be desired to keep the lO-ohm coil 
closed for a definite length of time around the battery terminals witk- 
ont th^ use' of the key. This is effected thus (see Fig. II): 

Fig.ll 
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■S* IS the battery whose eleotro-motivB fi>rce and resistaiiGe u to 
be measured. A and B are the termiDatg of the voltmeter, the 
remaining pordons of the voltmeter not being shown. , One Mrminal 
of the 10-ohm coil is connected to A, and the other goes to the adja- 
cent brass atrip a. A connection is carried from a to the upper 
contact of a triple contact key, and a lead taken back to the second 
strip b. With plug /* removed it will be seen that when the triple 
contact key is depressed, the 10-ohm coil will be introduced between 
terminals A and £, and widi plugs P and P, inserted the lOKthm 
coil can be kept in circuit around the terminals of the batterj for any 
desired time. With plug P^ removed the 10-ohm coil is evidently 
inoperative. This arrangement accomplishes, then, the three ends 
desired, and we have combined in one instmmeut both a voltmeter 
and an instrument for detenu in ing the internal reaiatanoe of batteries. 

AuMETEK.— In many cases we do not care to know the electro- 
motive forces of batteries, or their resistances, but a quantity depend- 
ent upon both of these factors. We wish to know the current of eleo- 
tricity whidi they will send through a given resistance. It is also of 
great value to know the current flowing through a given system, say 
a telephone transmitter, an incandescent or an arc lamp. The addition 
of one more coil to the instrument, as described, will convert it into 
a direct-reading ammeter, the figures before denoting volts now r^^- 
tering amperes. 

Let us see how this is accomplished. From Ohm's law it follows 
that if we have a current of one ampere flowing through one ohm, it 
will genenUe a difierence of electric pressure of one volt at the termi- 
nals of this resistance. Now, if between the terminal A and S of our 
voltmeter we connect a I-ohm coil, and if we send a current of one 
ampere through it, the voltmeter will register one volt. Conversely, 
if our voltmeter re^sters one volt we know that a current of one 
ampere is flowing through the circuit of which the 1-ohm coil. forms 
a part. This ooil should be placed in our combinaUon instrument 
above described, adjacent to the 10-ohm ooil, added for battery resist- 
ance measurements, the connections being as shown in Fig. 12. 
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A and B repreaent, m before, the tennioalfl of the voltmeter 
proper. By inserting ploga P,, P^, and P^, P being remored, it is 
apparent that we hare one ohm from Au> B. We have, therefore, 
with the additionst 1-ohm coil, three inBtmmeDts combined in one, a 
voltmeter, an ammeter, and an apparatus for measaring the internal 
resistance of batteries. 

High Voltage. — It is perfectly practicable to extend onr volt- 
meter to high voltages. For ordinary battery work a range from .01 
to 6 volts is all that is necessary, the coils required for the variable 
resistance being 10, 20, SO, 50, 100, 200, 200, 500, 1,000, 2,000, 
2,000 ohms. To extend the range to 100 volts five additional coils 
wonld be required of 5,000, 10,000, 20,000, 20,000, and 50,000 ohms, 
respectively. The only objection to Uie nse of these coils is tlie 
expense of the wire, which would be considerable for such high resist- 
ances. To obviate the necessity of employing diese coils for high 
voltage I have subsdtnted the following device (Fig. IS). 




An auxiliary coil of 990 ohms is added to the apparatus. One 
end of this coil is connected to the A terminal of the voltmeter proper, 
and the other end is connected to the isolated binding post C. The 
terminals of the source of electro-tnotive force that we wish to measure 
are connected to this binding post and the B binding poet of the 
voltmeter. The plugs between A and Bare arranged so as to throw 
the lOKihm coil in circuit between A and B when the key is depressed. 
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TbU is tbe mate amuigenient that would be vaeA in the second meas* 
nrement for battery resiatancea. 

It IB erident that we have in circnit between tlie terminals B and 
C 1,000 ohtnt when the kef is depressed, and that there are 10 ohms 
of this reaiitance incloded between the lenninals of the Toltmeter 
proper. Consequently, ^^^ part of the electro-motire force between 
the terminals B and O wilt be inclnded between A and B It follows 
that if we measure the electro-motive force between A and B b; onr 
Toltmet«r proper under tiiese circumstances, and multiply this voltage 
by 100, we shall have the total electro-motive force between Sand C. 
It is only necessary, then, for high voltages to use terminals B»ad C, 
and to move the decimal point of the voltmeter reading two places to 
die right 

Rakgk or THK AppABATDS.-^We can v/iib perfect safety meas- 
ure up to 200 volts in this manner, by properly constructing our 990- 
ohm coil and the lO^hm coils, but for higher voltages it is better to 
sacrifice somewhat on our battery resistance meaaurements, and make 
tbe connections thus (Fig. 14) : 



Fig.14 



In this manner any slight resistance which might be introduced 
by oxidation of the contacts from sparking at the key would be thrown 
into tbe 990-ohm coil rather than into the 10-ohm coil Hie instro- 
ment could still be used for determining battery resistance, the lOohni 
coil being introdnced manually. 

The following data wOl indicate bow the range of the Instrument 
can be extended so as to cover any voltage used oommeroially, even 
those employed in ara lighting. It is evident that some of the values 
given cannot be realised in practice, but there is no difficulty, in select- 
ing a combinaUen that will cover every case desired. 
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Used fts an ammeter by the employment of a 1-ohm coil, we have 
teen that its range ia from .01 to 6 amperei, and where the intro. 
dnction of 10 ohms into the circuit is not objectionable, the l(kihm 
ooil wed for battery testa can be employed in place of the 1-ohm 
coil, and the range would be in this case from .001 to .6 amperes. 
The following daU give the range of the instnunent with various 
coils: 

amperes. 



10.0000 ohm.eoU. 


Range 


.001 to .6 


1.0000 


" 




.010 « 6.0 


.1000 


•' 


« 


.100 " 60.0 


.0100 


« 


« 


1.000 « 600.0 


.0010 


•( 


« 


10.000 « 6000.0 


.0001 


« 


*' 


100.000 " eoooao 



These figures are somewhat delusive, however. For instance, 
take the .001 ohm-«oil, 6,000 amperes woald cause a waste of 86,000 
watts, or 48 electrical horse-power, in our voltmeter alone. On the 
other hand, we could easily measure 1000 amperes with this coil 
properly eonstructed, the loss in this case being only a little over 
ooe horse-power. An intelligent use of the above coils will eo&ble 
us to cover nearly every case in practice. For special work a more 
delicate galvanometer, enabling us to measure to .0001 volt, might be 
employed. It is evident, then, that the apparatus can be constructed 
so as to cover any range of current strengtJi or electro-motive force 
desired. 

In criticism of the instrument the objection might be raised that 
there is do battery of sufficient oonstancy to be employed with ^e 
apparatus. It will be observed, however, that it is not necessary to 
ate a standard battery, but only one that shall remain constant for a 
considerable time. The best battery to employ would be some form 
of Daniells cell, were it sufficiently portable. I have used a modifier 
tion of the Daniells cell for two years with a stationary battery 
testing apparatus of this type wiU) perfect success. A comparison 
of the battery with the Latimer-Clark cell at various times has shown 
a variation of less than one per cenL For convenience, however, it 
is necessary to nse some form of dry battery. I first used a chloride 
of silver battery of about 20 ohms internal resistance, but found its 
resistance to be too variable for the desired accuracy of one per cent. 
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The cdl llwt I am now DBing hai m, resuUnce of two (dimi, and has 
been entirely satisfactoiy np to the pr«s«nt time. To cbet^ the 
■ocarw^ (rf the uiatmnient all that ia neoessary ia to have at your 
dUpoaal a DaDiella cell. Shonld you have any reaaon to aappoae 
that yoor iiutrament ia out of adjuatment meaanre the electro-motiTe 
force of your DanielU cell by it, and >honId it differ from the known 
value of the electro-motive force of Uiis cell, add or remove from 
the adjoMing coil a few inches of wire until yon get the desired 
reading of yonr vcdtmeter. 

From my own experience with the iiutramest I think this adjost- 
ment will seldom be necessary. 



MEETING 399. 
EUetrictd Pirijieatiim of Sewage. 



The S99th meeting of the Sociktt ot Abts was held at the 
Institnte on Thursday, Februaiy ISth, at 8 p.m., Prof. T. H. Drown 
in the chair. 

After the reading of the records of the prenoas meeting, the 
chairman introdoced Mr. Frank M. Gilley, of Chelsea, who read a 
paper on " Electrical Purification of Sewi^e." 

Mr. GiLLET said ; The treatment of sewage was attempted over 
a century ago, and the chemicals employed at that time were almost 
identical with those in use today, sulphate of iron and lime. England 
has lead in tiua work. Her cities are so populous and near blether 
that the introduction of systems of drainage removed a nuisance 
farther down the stream. Rivers, or streams as they would be less pre- 
tentiously called, became filled with sewage deposit, the fish in them 
died, and the genend poor health and discomfort of those who lived 
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on or near die banks called attention to the absolote neceMity of 
removing or abating euoh nntaancna. The removal consisted in the 
applicstion to land or the discharge of the senage into the sea or 
farther down the brook or river flowing through the town, perhaps 
near some other town. In many cases the nuisance was abated, never 
removed entirely, by the ase of chemicals, and the precipitation of 
most of the suspended matter, and the destruction or oxydation of & 
little of the organic matter in solution. Suspended matter must either 
be deposited in settling tanks as sludge or in some river or harbor as 
mud until dredged out. The organic matter is the moat difficult to 
destroy or remove, Mid is the part most dangerous to health. The 
oxydation of the organic matter can be accomplished by one method 
only, chemical action, whether that be produced by filtration, the 
addition of chemicals, or electrolytic action. A filter is sufficient 
when employed intermittently, for then the filtering material becomes 
aerated, t. «., charged with atmoepberic oxygen during the periods of 
rest; and this oxygen destroys the organic matlw of the sewage. 
OxydatJon can also be accomplished more or less expensively by 
chemicals. The electrical method differs from the above methods in 
two points ; first, the oxygen and chlorine that produce the burning 
up or oxydation of the organic matter is made by decomposing, by 
the aid of a current of electricity, the water and chlorides of the sew- 
age itself; second, the oxygen and chlorine act much more power- 
fnlly at the moment of their formation, being set free in what is called 

Mr. Wm. Webster, F.C.S., engineer and contractor for the con- 
struction sewage works, inclnding precipitation tanks, during a series 
of snccessfnl experiments in the purification of sewage by electrolysis, 
settled at last upon two metals suitable for electrodes, aluminum and 
iron, the latter, on account of its cheapness, practical on a commercial 
scale. He first tried large tanks in which the liquid was treated and 
allowed to settle. 

Stripe of sheet iron are placed in a jar of sewage and a current 
passed through the solution. Hydrogen is given ofi from the plate 
connected with the sine pole of the battery, and from the positive pole, 
I. «., tbe strip where the current enters, chlorine and oxygen are set 
free iu a " nascent " state, probably combining with the iron to form 
a hypochlorite of iron which is immediately reduced to ferrous car- 
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boData and oxide. If there be no dissolved in the water the white 
oside 18 prodaced. But in an; case the color is soon green, aod 
finally red, ferric oxide (FcjO,). On a small scale, or where there is 
no current or agitation, the precipitate buoyed dp by the hydrogen is 
brought to the top together with the particles in suspension, and 
finally sinks. If overtreated, the fitrate or effluent, as dte clear liquid 
is called, has a reddish tint from the presence of ferric oxide. The 
solid matter, or sludge, has little or no liability to decompose, but, of 
course, must be disposed of in some way, ploughed into land, pressed 
and sold or given away as a fertilizer, or taken out to sea. 

The £. M. F. between the plates is at least .9 volt when of iron, 
1.5 when of carbon. In practice London sewage requires one ampere 
per gallon for 10 minutes, or less than ^ ampere an hour per gallon. 
More current would supercharge the liquid with iron salts. A slight 
greenish tinge and evident separation of the suspended matter are the 
signs of snfScient treatmenk The color on leaving the sewer is nearly 
white and opaque. After treatment the liquid is clear and filled with 
the particles of sludge, which deposit quickly when allowed to rest for 
a few moments. Owing to the resistance of contacts and the liquid 
itself, about 2 volts is the difference of potential of the plates, and 
abont 1 ampere per 5.5 square feet of iron surface exposed. In larger 
uniU, 23 b. p. in 24 hoars treat 7,000,000 gals, of London sewage. 

It may be advisable to pass the effiuent through an electric filter 
composed of alternate hiyers of coke carbon and sand or porous 
earthenware, the coke being electrically connected in alternate sections 
to positive and negative terminals of a dynamo. No increased power 
is required, for when the electrical Alter is used the treatment with the 
iron plates is not carried so far. The same device is also applied to 
household filters for drinking water, the contamination of which with 
sewage or vegetable organic matter is always to be feared, and water 
of purity as regards organic matter and living organisms produced 
easily. A few open circuit cells furnish sufficient current which, on 
account of the resistance of the water, is small and does not fiow at 
all while the filter is not in use. 

Where brackish or salt water can be obtained by the means of a 
porgua diaphragm, a disinfecting fluid containing 18 grains chlorine 
per ampere per hour is made. The positive plate must be of carbon, 
the negative may be al iron. If in the porous jar containing the car- 
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boD 4 piece of iron be coonected aIbo, a hypochlorite ot that mebU ifl 
mtule and may ba aied for the sune purpose as the chlorine alone. 
One-third grain of chlorine is found to disinfect one gallon Londou 
sewa^ By automatic attainments such an apparatus is used in the 
hous^old, and the liquid supplied and drawn ofi at intervals when 
needed for use. The ordinary Leclaticli4 cells, five or six in nuraber, 
will last sereral months and produce two gallons of chlorine solution 
daily. 

Mr. Webster's experimental station is located at Crossness about 13 
miles from London. The sewage is pumped into a shoot 18 inches 
square, 400 feet long, and. ftlled with wrought iron plates in groups of 
15, a large number of which connected in multiple or parallel form 
seotions in series with each other. A space of two or three feet iu 
the shoot between sections is sufficient to prevent undue leakage. The 
70 h. p. Mather and Piatt dynamo gives 20 volts. Tbe six sections 
take approximately 3 volts per section, current 330 amperes. It 
would be economical as regards t^e loss in the couductors to have 
more seoUons in series, but the number is limited to 35 or 30 on 
account of duiger to the workmen, it being impossible to avoid grounds, 
as bol^ ends of the shoot have liquid connection to the earth at the 
inlet and outlet. The consumption of the iron plates is from 1 t» S 
grains per gallon of sewage treated if cast iron is used. Wrongbt iron 
scales badly and is more expensive, but from its lightness is well 
adapted to experimental work. The velocity in the shoot a about 
10 to 25 feet a minute, or from 4,000 to 10,000 gallons per hour. The 
color shows no apparent c^uige for 20 to 30 feet, then numerous bub- 
bles come to the surface, and farther on these have a brown color, and 
' near the end the liquid is dark. At points in the shoot the current 
runs over or under an adjustable board, giving a thorough mixing and 
a complete control of the level in each section of the shoot. It is 
desirable that the outlet should be below the level of the liquid in the 
precipitating tank that it may settle rapidly and to a compact form. 
As the churning action in the shoot has liberated all of the hydrogen, 
the precipitate settles at once, and in two hours the clear eBluent may 
be drawn off and discharged directly or dirough an electric filter into 
any convenient stream; or without settling it may be ran on to land 
which does not become clogged, and the precipitate or sludge rapidly 
drying on the surface is easily worked into the land. The sludge as 
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taken from the tanks forma .7 per cent of the total aewage, and, after 
remuoing in a settling tank, b reduced to .4 per cent of the original 
amount treated. It then contaiiiB 90 to 9b per cent of vater, and 
mast be disposed of in some way. Deprived of 60 per cent of thia 
water by presses (and the sludge formed bj electrical treatment is 
better adapted than any other for the press), and 20 per cent more 
by drying, it is worth, by analysis, 910 per ton,' but in any case should 
pay for carting. 

Cast iron is thonght to have an advantage orer wrongbt iron in 
tbe larger pe^ cent of carbon it contains, which results in the prodno- 
tion of chlorine. The siie is limited only by the possibilities of manu- 
factare. Kx feet by 8 feet by f inch plates are said to be made for 
other purposes by French engineers. The metal dissolres erenly, any 
projecting portions offering less resistance and being more acted upon 
by the current. Though only ^ inch apart the plates showed no signs 
of blocliing, and the entire shoot can be emptied in lo minutes for 
cleaning. 

A lest at the time of my visit was in progress by the chemists of 
the London County Council, and the consamption of iron determined 
by weighing the plates before and after a long run, and analyses made 
of the crnde sewage and efflaeot. It must Ik remembered that such 
a reducUon of the organic matter is desired as shall abate the nni- 
sance that exists in the river. Perfect purification, nor anything 
approaching that, is not desired. 70,000,000 gallons at Crossness, and 
90,000,000 at Barking is a large amonnt to treat by any system, but 
the attempt is being made by tbe addition of S.7 grains of lime and 1 
grain of sulphate of iron per gallon, and the effluent disinfected by 
permanganate of soda manufactured at the works. The discharge is ' 
supposed to be at ehb tide, bat takes place practically all the time that 
tbe water in the river is low enough. Tbe manganate of soda and 
sulphuric acid are added just before discharge. Notwithstanding this 
treatment, complaints of tbe condition of the river are continually 
made. The amount of chemical used seems insufficieDt, for other 
cities used 10 to 20 grains instead of fi. Bnt for all that between two 
and three million dollars is being s))eot on immense precipitating tanks 
at both thu outfalls, with the view of extending the chemical treat- 
ment to die entire sewage discharge. These tanks, with some changes, 
can be made to serve for the electrolytic process of treatment when 
that is finally adopted. 
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The plant that Mr. Webiter bai built at CroBsbeBB to test hia 
sjRtem is only relatively experimental, baving a capacity of 500,000 
gallona a day, and by extending or enlarging the shoctla, 1,000,000 gal* 
loDB, for which there is snfflcient room and power. At 90 galloQB per 
head per day thiB would be ample for a town of 80,000 inhabitants in 
Knglaod. In the United States the sewage is larger in quantity bat 
more dilute, requiring larger shoots and more iron surface, t. e., a some< 
what greater first cost but abont the same operating espenseB. In 
England the cost of a 1,000,000 gallons a day works, with duplicate 
engines and dynamos and iron plates lasting ten years, Is estimated at 
tII0,0OO, or SI per inhabitant, but would be materially less here, if 
the cost of steam and electrical machinery and conti^ct construction 
work in the two conntrioB furuisbes any basis for comparison. The 
expense of 800 poands of iron daily consumed has been estimated in 
the cost of the plant, and the labor of four men and (he consamption ot 
a Ion of coal or less make a daily expense of tl3. A visitor at the 
etftUon is invariably impressed with the sDccesB of the system, no 
unpleasant odor is perceptible, and the appearance of the sewage dnr* 
ing treatment and predpitaUon is far more inviting than the sarface 
of the streets of the crowded parts of even Bosten. The epicnres of 
London may be looked opon as opposed to this system, for, according 
to Lawes, the fish of the Thames feed on the sewage ; and where will 
the tempting and Inscions whitebait, that is now taken only in the 
Thames estuary, and for which the cutsiaes of London are famous the 
world over, find its food and the dredgers find employment if tbe crude 
tewage is Bucoessfnlly treated by the electric eorrent ? 

The paper was illustnited by numerous diagrams and lantern 
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MEGTINO 400. 
thmeiHe Stetli for Ufatxtl Parpoies, 



The 400lli meeting of the SooiBtr or Asts was held at the 
Institute on l^uraday, February 21th, at 8 f.h., Prof. B. U. Rich- 
ards in the chair. 

After the readiug of the records of the previons- meeting the 
chairmao iocroduced Ll-Cdui. J. G. Katon, U.S.N., who read a paper 
on " Domestic Steels for Naval Purposes." 

Mr. KiTDR said : Within the scope of this paper lies properly A 
rapid retrospect of the history of domestic steels, with a view of under* 
standing fully the marvelous development that has occurred within 
the past seven years. The Uses We are to consider are those strictly 
germane to ships of war, and include not only hulls and hull material, 
but boilers, engines, riggingt guns, and armor. 

Proceeding in chronological order We find that in ISBd the Penn* 
sylvania B. EL Go. made efforts to secure flange plates of American 
steel for its locomotive boilers. The steel then Used was crucible 
steel, made by a Pittsburgh firm> So satisfactory were the results 
that in 1866 this company built do less than eleven locomotive fire 
boxes of the same material. In June, 1866, was built the first loco- 
motive boiler entirely of domestic steel, crucible made and of high 
cost. At this time the Bessemer process was but just established id 
the United Slates, and the open-hearth process not yet introduced. 
Despite the evident superiority of the new material, it Was not until 
1673 that steel wholly superceded iron for boiler purposes, even in 
Uiis company. 

In the navy a high grade of steel was used for steam launch 
boilers in 1872, but it was not until the spring of 1878 that the first 
large marine boiler of steel was placed on board the fish commission 
steamer " Lookout," and the "Nipsic" was the first American man-of- 
war to be thus equipped, in the fall of the same year. 
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For atniDtural purpoaea cracibte steel, hardened by an alloj of 
chrominin, was employed iu the Eads St. Lonis bridge iti 1869. 
Though snccewful iu all respects, the experiment has not been re- 
peated. 

Praottcally, mild gteel for bridge building dates from 1879, when 
Bessemer plates aod girders were incorporated in the approaches to 
the East Biver bridge. From this date also open-bearth steels entered 
largely into bridge structures. None of the bridge steels of that tim« 
would DOW. be called mild steel, as the T. S. was from 70,000 to 
80,000 lbs. per square inch, and the elongation only 20 per cent in 8 
incbea. The total amount used was small, as the ^gregate of all 
classes, crucible, open hearth, and Bessemer, was but 18,000 tons in 
the fifteen years from 1869 to 1884. 

In ship building we did nothing whatever prior to 1879. In that 
year three vessels of an aggregate tonnage of 246 tons were built for 
river navigation. Up to 1883 five more, including lighters, were con- 
structed. The total tonnage to this date was less than 500 tons. All 
of these vessels were steel plated ouly. Practically, then, steel ship 
building was an unknown art, the taaterial untried, and the workmen 
unskilled, when the frame of the.** Dolphin " was laid down in 188S. 

Such was the status of the steel industries as regards structural 
material when Congress authorized the constructien of our four first 
ahtps of mild steel of domestic manufacture. The courage and fore- 
sight of the Advisory Board of Naval Officers, tipon whose recom- 
mendatioD Congress acted, are entitled to rect^ition. Iron ship 
building was already an established industry, and its results certain. 
As to steel (this was in 1882), there were difficulties in production, 
as yet imperfectly uuderstood, aud but partly overcome. There was 
the still more serious objection of the utter lack of workmen skilled 
in the manipulation and assembling. The compelling reasons leading 
to the Board's decision are here given ; — 

1. Great saving in weight of hull, compensatii)g for difference iu 

2. Increased stTcuglh in hull. 

3. Increasing succeaa attending construction of steel hulls abioad. 

4. The certainty that steel in the near future is to supplant iron 
in ship construction. (A prophesy virtually fulfilled.} 
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5. The impetuB that auch a step taken bj the government woald 
^ve to the general development of steel ipdustriei in this conntr;. 

6. The uecesaitj that the new ships shall in all respects eqoal, if 
not excel, ships of other navies, class for class ; and, 

Finally, that for the repatation and the material advantage of the 
United Slates, it is a prime necessity to take a hold and decided step 
to win back from Europe our former prestige as the best ship builders 
in the world. 

From theee aeven patriotic, courageous, and far-seeing concln- 
sions the navj has never receded. The success of tJie new vessels 
has evidenced their wisdom, and the merchant marine has been qaick 
to follow the initiative. 

Quality and cost were andetermined factors. The specifications 
were high, and the requirements rigorous. Beplying to circular let* 
ters, the manufacturers expressed confidence as to the quality of their 
Steels, but doubted their ability to supply the special shapes required. 
It is a somewhat caustic commentary on the actual capabilities of the 
time that the quality failed, though sections were up to standard. 

At this time the largest ingots were of five tons, the heaviest 
plates but 1^", weighing about three tons each. Thirty feet long I 
beams of 12" section almost stalled the heaviest rolls. At present the 
Bethlehem Iron Co., of Bethlehem, Penn., are casting ingou of 100 
tons weight, and are producing curved plates 17^' x 6' x 17" thick, and 
16' X 9' X 12" thick, weighing 36 tons each, finished. There are at 
least six other firms who are now prepared to furnish plates np to 
four iuches in thickness. 

The specifications which were drawn up in June, 1883, called for 
mild steel for hulls with T. S. of at least 60,000 lbs. per square inch, 
and elongation of not less than 23 per cent in eight inches. Boiler 
plates speeified not less than o7,000 lbs. nor more than 63,000 lbs., 
with a ductility of at least 25 per cent. 

Under these specifications contracts were entered iuto for the con> 
Btmction of the A, B. C, D ships in July, 1883. Three of these 
ships, the "Atlanta " and " Boston," of 3,000 tons displacement each, 
and the " Chicago," of 4,500 tons, have recently visited this port. 
Since then they have weathered storms of unusual winter severity in 
crossing the Atlantic, and are now in Europe. The D, the Dolphin, 
a dispatch boat of 1,500 tons, has recently refitted in New York, after 
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■ vojuiga of over 45,000 miles aroand the world. That them afaipB 
have Bhown themMWes eqoal ia coDBtrnctioD and nuMrial to die 
stniiM and service for which they were deaigaed hag been abnndantly 
proved. Daring the coostmctioD of these vewela k deternined effort 
was made to break down the system of naval tests aod ingpection. 
The reasoiu asiigned were impracticability and erpente. Delays were 
not only exaapemtingly freqaeot, bat failnres also were many. Tlie 
speci&eatioa as to doctility was lowered to 21 per cent, and some 
slight modificatioDH made as to methods. 1^ system then estaMiahed 
is the foandation of oar present inspection. Each new vessel is bnilt 
of better material Uian her predecessor, and the reqairements keep in 
advance of the material. In 1886 the Steel Board snoceeded the 
Advisory Board, and has for its fanction lite inspec^os of all sted 
material for hHlla and machinery. 

Attentioo was called to tables on the boArd which showed tlie 
incraasing severity of the specificatioos, and the changes doe to ezperi- 
enoe. 

In faHll plates and shapes we find the tensility constant at 60,000 
lbs., bat the additioDal safegnards of chemical conditi<ms and surface 
iiMpectioQ, aided by additioiuil tests, serve to show the good or bad 
quality of the material better than eidier T. S. or elongation. 

Up to 1876 steel was generally accepted on the makw's gnar- 
antee. From that time, howevM*, testing of steel, particularly boiler 
steel, came in. The features of the Pennsylvania fi. &. Co-'s inspec- 
tion, which are qnote4 as being the most thoroo^ before the navy 
inspecticm b^an, were : — 

1. Carefal examination of every sheet for ntechaaical defects. 

2. Tensile testj 55,000 lbs. per square inch, tilttmate strength. 
Elongation ; 30 per cent in 8 inches. Both of these were averages. 
The limits were : tensile, minimum 50,000 lbs. ; maximum 65,000 
lbs. ; elonga^n, minimum 26 per cent. 

3. Rejection of sheets developing defects in working. 

4. Coupon tests for each sheet. 

No conditions wen imposed on impurities beyood those which the 
mannfacturer knew woald afiect snrfacee, and cold or hot shortening. 

The inspection of steel for naval purposes contemplates that the 
inspector should thoroughly fomiliarite himself with the composition 
of the furnace chai^^ As the variuions ia the pig and mil! Irons, 
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Umbw, crop esds, tettp, and on that go to nu^ np the cbw-ga aro 
recorded in th« rwnltiog itoels, tbe inipectar sboald po**eM a fair 
koowledge of tbe chemical compoaition of each ingredient. Chemical 
analysis of the resnlting heat is invalnable, bnt even this faiU to give 
warning of certain oonditions which can be preaagod from tlie charao- 
leriKio of tome conpooent ohaiged. Forearmed with this knowledga, 
ha may avail hinwelf of the extra teita allowed at hU diacretioa, and 
either jnitif/ hia BUBpicions by patent proof and reject the heat, or 
aunre himself that the material is good. 

Acid opeo'hesrth furnaces mn two beats daily. Basic fnmacea 
can as auil; ran fonr in tbe same time. A beat maj contain three 
tons, or fifty lOM of metal, according to tbe siae of tbe fnraaoe. The 
melted iteel ia asoall j tapped into a ladle previonsly heated, and theitoe 
into ingot molds. Ingots vary in weight from 600 lbs. to 200,000 
Iba., and in cros»«MtioB from 3"x3" to 60"x7S". They are either 
top-CMt by poariag directly into the mold, or bottom oaat by stand 
and ranners. Whilst the heat is being tamed, and near tbe middle 
time, tests are secured for chemical aoalyaii. Tests may also be takeo 
at the beginning and end. Should these teste exhibit wide variations, 
than «aob ingot mast be tested indepcDdently. From tbe isgoU Um 
inspector selects the poorast fbor for bis test plates. Hera, as else- 
who'e, his daty is to secure tbe worst specimens, uid make these his 
indioes as to qnality. The ingots chosen are taken to the heating 
furnaces and there raised to the proper working beat, determined by 
the heater's eye, the oolof rangiag from a light yellow to white accord- 
ing to tbe per cent of carbon. This is a critical operation, as an over- 
heated ix burst ii^t will cause enlarged oryitalliEations, pits, and 
laminations in the fioisbed product. Insufficient heating vrill either 
break the roIU or cause cold flow, setting strains in the plate or shape, 
whioh can only be restored to an amorphotn condition by thorongfa 
after annealing. No amount of after mechanical work will reduce 
coarse crystalliaalioo. 

SvBPACB Insfection.— Tbe plate or shape asit issnes from the 
rolls should be inspected whilst still hot. Most surfaces are covered 
in a short time with red or black oxides and mill scale that effectually 
conceal serious defectH. Pickling serves to bring these to tight, but 
ianmediale detection not only safegnards any possibility of error, bnt 
abriatfls m«ch annooesMuy expense. Hw priacipttl sorfaoe defects 
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we pittiiig, miJm or blistcn, bair omcki, Mal« uurka, insknt cobU««, 
and )Mn)Dattotia. Probably 7& per cent of Bnriaoe tiefecis are due lo, 
pita. Pit* are ooaical cavities, bate appennost, pocking the aarfaoSi 
If their d^th ii at all considerable the plate it ruined. Thair canM 
bat already be«n stated. Shosld oiDder or fine brick from Ike heating 
fnnaoe be rolled in, a Bpottad appearance will give indication. A. 
•harp Ittp of the loi^handlod haamer carried by the iupeotor will 
dislod^ die extraneotta Bubstaooe, wxl diacloae die extent of the injury. . 
Kts of riag ar« dianovercd by hair line*. Scale oool* nore rapidly 
than the plate itsetfi and prodtMea hummocke. Cracks are found in 
the direction of rolling, and indicate imperfecUy welded blow-boles 
long drawn oat. Teat tranaverae spedmena to aaoertain their injury. 
Snipes, on the contrary, as their name im|rfiies. are twisted in every 
direction. Their appearance strongly resembles a water marie ia 
paper, and they are visible only in favotable lights. They are, n»- 
dovbtedly, caused by the presence of low lorma of iron, peroxides, or 
protoxides, generated by burned metal in the fnnuMo, and separata 
two maasea of pore steel. Ho amoant of work, heat or meclianical, 
will effect a true weld across this filmy burier. Onoe in the iagot, 
analws reappear inevitably in the plate or shape. An ingot known to 
be sQ^ed is al onoe thrown aaide to be aot^iped. Snaked nateriat is 
utterly laekii^ in homi^;meity. and no material for structural, boiler, 
or engine purpoaes should be aecepted which is even suspected of iJiis 
defect. Crucible and basio steels are nearly exenpt from this eviL 
Badiating furttacet ahoald prevent them entirely. 

Laminations oocur at the surfikoe <utd upon tbe edge& Surfaoe 
lamiofttnas are dne to chipping bgots, the cavity thus formed being 
covered by overlapping edges. A few taps of the bammer m'M cause 
these overlai» to separate into sheets Plates aboald be in^iectad for 
lamin^ioas after shearing. 

Cobbles are waves in a phue caused by unequal heating of the 
aides of an ingoL Under an eqad dranght from the rolla the hotter 
aide cree^ Sastcr, thus prodnoJng rit^ges. There is no raa>edy for this 
defect. Cobbles are recognUed 1^ the d^oaal trend of the ridgeo. 
Simple waves at right angles to the longitudinal axis ar« not serioua. 
They are caused by unequal cooling on the train rolls. 

Shapbs.— The surface inapectioo of bulh-benms, angle, T, and 
Z bars is wuh nmpler than that of [dates. The Uoodm, slobs, or 
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ingots from whieh thej are rolled hare BOialler sectioiiB, pennitdng 
more even keating and better cleaoing in the rolls. Unajmnietncal 
sectioM are found, and many run tcant near the ends. In bnlb-beaDis 
especially the angles are frequently cold dranrn by the more rapid 
trarel of the metal in the web, due to its roceiving a great deal of work 
after the flange is fairly formed. Again, over 50 per cent of the metal 
b below the nentral axis of the web. The cold flow causes wire edges, 
and Bets strains that in many cues eqtia) the strength of the metal. 
A beam thns rolled might shiver to pieces, like brittle glass, on being 
thrown from a platform car. Proper annealing will do much to 
restore the metal to a state of intermolecular equilibrium. Unsym- 
metrical angle bars, 5" x 3", etc, also snfCer from the same cause. To 
be ahsolutely certain that these strains are reraored, annealing should 
be resorted to. The apparent loss in nltimat« strength is more than 
compensated for by the gain in homogeneity. 

Test Sfbcivemb.— The navy standard specimens for structural 
and boiler material are 16 inches long, not over 2 inches in width, 
with a cross-section of not less than five-teutbs nor more than eight- 
tenths of an inch. The witness marks are 8 inches apart. For engine 
forgings, protective deck, ordnance and armor plate, a filleted round 
is prepared, section not over one square inch, aud 2 inches between 
the wiUiess marks. Other things being equal, this specimen will give 
80 per cent greats elongation than were the witness marks 8 inches 
apart. Fonr test speiumens are taken from each of the four test plates. 
This permits duplication in case of faults in the specimens tbemselvea. 
Recalling that ingots are tapered to facilitate stripping, and that the 
bottom of the ingot has not only a greater cross^ection, hence greater 
reduction and more work under the rolls, but also that the steel is 
more compressed and freer from spongiuess at the bottom, the inspec- 
tor takes these specimens from the top and sides. The objeiA in view 
is to obtain specimens that shall show not the average condition, but 
the poorttl part of the finished material. Here, as always, the 
inspector is on the alert for the worst features. There u no average 
strength for a steel plate. Its trne strength is the value of the weakest 
inch of its contents. 

Tensile strength and elongation vary in the same plat«. Thus, 
a remarkably well railed plate at the Homestead Steel Works at 
Pittsburgh rose from 49,000 lbs. T. 8. at top end to 51,800 lbs. T. S. 
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at bottom end, or 6 per cent. The taper of tfala Ingot gare 26 reduo- 
tioDB for top end to 27 redactions for bottom. The elongation fell 
from S2.7 per cent at top to 29.8 per cent at bottom, or 10 per oenb 
The rslae of this plate waa eridentlj the minimnm in each coaei 

The lai^r the ingot the more essential the selection of apecimeng 
from the top. Segregatkm of the metalloids increases with iacrease 
of size, Bs large ingots, presnmably « coed slowly. The temperatar« at 
which the heat ia termed is, howerer, of greater importance' Snrpris- 
ing rariationa occur in chemical condition in same ingot. Tbas, two 
specimens taken from the opposite ends of the same plate rolled from 
a slabbed ingot, and a slabbed ingot has already lost by shearing its 
worst end, ga»e : — 

T.fl. XlonpUfB. SadBBHon. Corixn. PhMphorof. 

Top end, . ■ 64,600 19 per cent 81 per cent 0.81 0.076 

Bottom end, . 66,400 26 >■ 48 " 0.17 0.060 

Heat test, 0. IS 0.044 

A resnlt safficieot to condemn at once the material for ship building. 
In cold beading tfie top specimen broke short off with fracture, indi' 
eating high carbon and pboephoms, and showing weak, large crystals' 
The bottom specimen closed upon itself without a crack. 

Tbstinq SrECiHKNB.— The t«8t piece selected for breaking is 
carefally measured with a micrometer reading to thoautudths of an 
inch. From this is computed the ori^oal section. TweWe one-inch 
marks are punched on tbe edges for elongation data. The specimen 
u.lhen placed in the madiine and the initial stress applied. Addi^ 
tional loads of &,000 lbs, each are added at intervals of thirty seconds, 
tbe beam being kept in equilibrium. Tbe elastic limit is marked by 
unsteadiness of the beam, ending in a sadden drop. Tbe cracking o( 
the mitt scale at this instant is a good thongh not infalliUe indication. 
When the altimate strength is reached the beam refuses to rise. After 
this the specimen stretches and necks, until fracture occnrs, with a 
sharp report. Tbe fractured ends are carefully fitted together and 
measured as before. The comparison of these new measuremenla 
with those previously taken gives the percentages of reduction of area 
and elongation. The ultimate T. S. and elastic limit are calculated 
from original sections. Elongation varies widely with the location of 
the fractured sectjou. Tbe nearer the grip the less tbe elongation ) 
tbe nearer the center of the specinen tbe greater. 
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Cai^uoTBEiflTHiB or FRA.CTttSEB. — An excollent criterion of 
tbe aVeel is afiordad by ^ form and appatmnee of tin frwtured mo 
tioii. Cap^haped fracturaa with fine eryiiallitatioB <u)d uniform gray 
color, teehnically tennod (ilky, indicate kooM^eiieatie well-rolled metal. 
Bliding fraMUTes ocsenr froqiieiitly but ar« sot >o fararaUo. trregnlar 
i»ggoi fractarea ar« to be diitniated. Mottled, parti-colored atreaka, 
bright spots, dark patehea, and coarae cryatalliSation evideoce poor 
metal, aod shonld afoiue BttB(MCion however good the temiHtyand 
dnctjlity. Blotches and parti^color* point to overheating; patches 
and streaks denote aegr^atiiHi and aJd rolling; coarae granulation 
impliea insufficient work, high phosphorus, or bunted metid. Each 
imparity in the ore, each atom of mechunical work, each thermal unit, 
has left its mark writ ineflaoeably in the resultant steel, and he who 
knows may read. 

QcKMCitiKa AMD Cold BEMDlMa TksTb.— The quenching speci- 
men, riUBed to a dark cherry-red in a Are free from smoke, is plunged 
into water at a tempwature of 82' F., then is bent cold around a curve 
three-halves the thickness of the BpeeimeD. Properly performed, the 
qnenohing test will detect coM rollmg, brittleness, and segregation, 
due to phosphorus. A well nJled plate of good material should close 
Upon itself Without cracks. -This test is known to the trade as the 
Mnper test. 

Cold bending requires that the speeimen, as it eoraee from the 
finished material, should close upon itself without cracks or flaws. 
Very few pieces fail. Thin pieeea readily fold twice without crack- 
ing. Good steel, well rolled, will close readily nndov a trip hammer 
whMi under ^'* thick. Heavier spMimeas should In placed ander a 
hydfwilie press, whose slow, regular pressure permits the cold flow of 
metal. Wide specimens do not bend readily. lUvets are required to 
be both cold flattened and hoi flattened under hammer. Additionally 
they are betit into a hook. 

Additiomal Tuts vos SaAPEs.—The additional tests for 
shapes areeald-opening,coldKdauag,andshockingorpercBMive. For 
beams the opening and closing is a single operation. Under a hydras 
lie preaa the angle is bent cold until its inner edge touches the 
web> This test is espeddly severe on lai^ secttoas. Kuch trouble 
was experienced in testing 9" bulb battery beasis for the U. S. S> 
" Charleston." Most of the original beams broke short off In the web, 
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eloHe to tbe fillet. Thoas beHiBi wmn tolM from vnaonditionw] Bao- 
>emer ateel, Kcd the fnetnret ditdosed Urge, weak, fiery crystals. At 
pretent &U beam* are conditioaed in that arch enemy, photpkoros, and 
tbe metal mnat be open hearth. Angle* must also opeo and gIom 
without fracture. Jftn fail in openiag, the cloaing tect being the more 
tavere. The preaentdropor (hocking teat aSords an excellent method 
of jndging of t^ brittlaneM. 

A'5"x3"z 9'reTerge bar of opoD bearth steel for the ftrmored 
battle thip " Haine," now bailding' at New York, endured thirty-three 
Uow8 from a 640-poand weight dropped 5 feet. The bar inverted 
after each blow wai beat over 90°, and showed fatigue after the 
twenty-fifth blow. When fracture occurred, the steel tore, not split, 
half acroM the narrower angle. At this iibm the bar had lost all lem* 
blaoce to its original shape, being twisted and flattened. Similar teMa 
made with cold punched bars showed that (be fractures rarely extended 
into the boles, though often graiing them. A better material fOr 
ahip buiMing can hardly be asked. Halls framed ot such metal will 
endure any amoant of faattoiug, bomping, and lammiog bdore break- 
ing. 

BoiLKR Platm AMD Stats. — All boiler ptatea mat be of open 
hearth iteel conditioned to .085 of 1 per oent of (dMspboros, and .040 
of 1 per cent of satphor. Each plate is tested independently and 
stands or falls upon its own reoord. Hull plates are tested by heals. 
Test specimans are cot bo^ longilBdiDally and traoaveraely, the trans- 
verse specimens showiDg higher tensile and lower elongation. Owing 
to tbe greater sine of ibe ingots, due to large and heavy plates, there 
u more diffiealty in proper heating, the outside frequently bleeding 
before the core is soSeiently hoL This caines more pits and lamiiiaf 
tions. Thus, the shell plates for the boilers of Crniaer No. 5 were 
§4" thick, and weighed finished 5,000 lbs. each. Ingots fwr so^ 
plates would w»gh from 8,000 to 10,000 lbs. The economy of fnd 
in high pressure btnters has already foroed ds a long way in incpea oa 
of strength of materiaL Our new cmisers, with bollm^ 15' 9" diame- 
ter, working under preuures of 160 lbs., show how far we have pnv 
gressed. The introduction of high tensile, high carbon wide shell 
plates is not entirely devoid of danger. High carbon means less de- 
pendeoea. Plates over 70 inches wide develop defects which narrower 
plates escape. Wa shall ba told that wide pfartea are prefmJile to 
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asaay mettoci BeunB. We concede that these Beams are bat 70 per 
ceot of the plate streogth, bat no man knows not how much bat how 
little strength there remains in a wide plate oold rolled. A working 
pressure of 160 lbs. gives 6 tons to the square inch upon the plates, 
and abont 8^ tons between the rivet boles. As the elasdc limit is bat 
16 tons, it would seem that we had abont reaohed the limit that pro- 
dence dictates. The advantages already gained by the use of such a 
flue material as mild st«e) are evident. 

Corrugated flues found their way into favor in 1878. It is really 
the adoption of light corrugated steel furnaces that has made possible 
die present high pressures and temperatures. There has been little 
trouble in getting a saffioiently strong shell plate even of iron, but 
with present temperatures ia furnaces iron is too apt to blister. With- 
out the increased strength added by corrugation, even steel plates 
would have been too thick to withstand the heat. As it is, even now, 
we cannot carry the pressure much above 200 lbs. without coming 
ancomforUbly close to the dreaded blue heat in the farnaoe plates. 

The electric welding people anticipate being able to weld boiler 
plates, which will be a second saving of weight by doing away with 
butt straps and rivets. One English firm produces circular weldless 
boilerplates 48" width by 16' diameter. The British Lloyds reduce 
the scantlings one-third for these boilers. For equal strength the 
saving in weight by steel boilers over iron is as 5 to 6. The greatest 
success to be attained by electric welding will be the welding of tubes 
to tube sheets. Not only would this be of the greateet senrioe to the 
type now in use, but it would render practicable many forms of tnbn- 
lons boilers, well designed for efficiency of heating surfaces and circa- 
lation, that fail on account of leaky tubes and complicated bradng. 

The factor of sj^ety in boilers has fallen steadily with the rise in 
pressures. This decrease dictated by necessity is warranted, in part 
at least, by improved material and superior methods of assembling. 
From a standard of nearly eight this factor has fallen to four. Efforts 
are now being made to test boilers to 90 lbs. above working pressures, 
and design the boiler for this pressure with a safety factor of abont 
two and one-fourth. 

In the navy we count the average life of a steel boiler at twelve 
years, which equals iron. In the merchant service the period would 
be extended to fifteen years. The cause of this differenoe is well 
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fcDOwn. Our best boiler steel exceeds the best boiler iroD in streDgth 
about 18 per cenU 

En«ihbr. — The use of tteel in engines is as old as its use ia 
boilers. We find it io the ih&ftiug of the Dover mail packets in 1857, 
These were of puddled steeL The failures of many Krupp shafts 
(T. S. 80,000 lbs., elongation ia 6 in. U per cent) iu 1863 greatly 
reUrded further advance. In 1880, however, mild steel (T. S. 50,000 
lbs., elongation 20 per cent) was introdacad. At present we use a 
T. S. of 60,000 Itw., elongation io 2 in. 26 per cent, and consider 70,000 
lbs. as the safe apper limit. All steel for foi^ngs most be made by the 
open^eartfa process, and must not show more than .06 of 1 per cent 
phosphorus, nor more than .04 of 1 per cent sulphur. All forpngs 
must be annealed and free from cracks, blow holes, hard spots, and 
foreign substances. The cost of solid forged shafts is very great, as 
it requires a 42-ton ingot to complete a 17-ton shaft. The Bethlehem 
Co. now make shafts up to 30 in. diameter, weighing 40 tons each. 
The saving in weight over iron is about fl6 per cent. At present 
steel is generally used for shafting, piston and connecting rods, valve 
and reversing gear, various arms, rods, etc. 

C^t steel is preferred for engine frames and bed plates, pistons, 
cytbder and valve chests, bonnets, cylinder liners, etc. Wherever it 
replaces iron a saving of at least 25 per cent can be reckoned upon. 

For tension and ability to resist shock cast steel is oae-third 
stronger than wrought iron ; forged steel three times stronger. Simi- 
lar relative superi<Hity exists in transverse and torsional strength. 
The steel castings for the gun-boat " Petrel " gave T. S. 72,196 lbs., 
elongation in 2 in. 32.5 per cent, redaction of area 35 per cent. Speci- 
mens bent cold 116° without fracture, and this is cast, not wrought, 
metal. The advance in ductility in castings has been very rapid. 
Tlie substitution of cast steel of a dactility superior to old forgings for 
moving forged portions is already begun. 

Akchors and Chains.— The anchors for the navy have oast- 
steel crowns and flukes with forged iron shanks. The requirements 
forthesteelare,afterannealing: T. S. 60,000 lbs. ; elongation in 8 in. 
15 per cunt i phosphorus .06 of one per cent. The weight is practi- 
cslty the eame as iron, as lessening an anchor's weight lessens effi- 
ciency. The gain, in strength exceeds 35 per cenL 

We have not as yet secured steel chwns for the navy, but die 
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great saperiorit; of mild steel over iron id altimate Btrengtb, elastic 
limit, and elongatioti reinforced by electric welding miiBt cause its 
speedy adoption. Caat-ateel chains have been successfully made in 
£&gland and France, and are sanctioned by the British Lloyds and 
French Boreaa Veritas. We have none of domestic manafactnre. 

Stkbl BioaiNG uiD B0PE8. — For standing nggiQg. galvanized 
<teel wire is used. The specifications require T. S. 1 60,000 lbs. ; 
elongation in 10 inches 1.5 per cent; elastic limit 80,000 Ibe. Addi- 
tional vibratory tests are prescribed aa follows : angle of vibration 
40° ; number of vibrationB 1,800. 

For running rigging and ropes anDealed galvanized wire is pre- 
ferred. BequiremenU : T. S. 70,000 lbs.; elongation 10 percent, 
elastic limit 38,000 lbs. ; angle of vibration 40° ; number of vibrations 
500. Steel is used for military masts and torpedo booms. The 
requirements are the same as hull steels. 

Steel fokGdns. — In 1884 the batteries of U. S. men-of-war 
were composed of Dahlgren and Hodman mazzle-loading, smooth-bore 
cost-iron guns of 9 in., 11 In., and 15 in.- calibers ; 8 in. mnzzleJoad- 
ing rides, converted from east-iron smooth bore 11 in. by tbe insertion 
of a wrought-iroli tube ; of cast-iron Parrot rifles with a reinforce 
hoop of wrought iron shrunk on ; and of 60 lb. breech-loading rifles 
converted from Parrots. No nation upon this globe floated suvh 
antiquated, obsolete guns as we. The best of tbe guns had a penetra- 
tion of about ten inches of wrought iron at short range, and a total 
energy of less than 2,500 foot tons. Today we have in service, or 
approaching completion, high powered breech-loading rifles of 4, 5, 6, 
-8, 10, and 12 inch calibers. Tbe 6 inch, a light gun weighing only 
£ve atid onfr-half tons, has a total energy of over 2,700 foot tons, with 
twelve inches penetration of wrought iron, whilst the'12 inch, weigh- 
ing 45 tons, develops an energy of 26,000 tons, and has a penetration 
of 27 inches of wrought iron. 

The flrst steel gun made for the navy was of 6-inch caliber. The 
tube was of domestic steel, bnt tbe jacket was English. The second 
gun of tbe same caliber, now on board the " Dolphin," is wholly of 
domestic steel. The original requirements were : T. S. 70,000 lbs.; 
«lastio limit 26,000 lbs. ; elongation 20 per cent ; reduction 35 per 
oent. We now reqnire from the oil-tempered material 
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Tabes, . . . 70,000 to 60,000 83,000 to 88,000 12 to 22 pet cent. 

Jackets, . . T*,000 to 85,000 34,000 to *0,000 13 to 20 " 

Hoops, . . 90,000 to 100,000 45,000 to 80.000 12 to 18 " 

Tran. Bands, 80.000 to 90,000 86,000 to 40,000 6 to 13 " 

Test specimeni tre cat transyeraely aa well as longitudtnally. 
" Forgings must be mwle of opeu-bearth steel of domestic manafaotnre, 
from the best quality of raw maMrial, uniform in quality tbrougfaont 
the mus of each forging, and thranghoat the whdle order for forgings 
of the same caliber, and free from siag, seams, cracks, cavities, flaws, 
blotfboles, unsoundness, foreign substances, and all other defects affect- 
ing their resistance and valne." 

The trunnion iMnd h an nnhammered steel casting, rough bored 
and turned, annealed, otl-tempered, and a^fain annealed. It is screwed 
on and held by a set screw. The elerating band of wrought iron is 
shrunk on and keyed. All other parts of the gun proper are forged 
steel. The steel maker is required to discard 80 per cent of the top 
and 5 per cent of th« twttom of each ingot. Tubes, jackets, and 
hoops are forged from solid ingots and afterward bored. For tubes 
we require the bored ingot to be reduced 50 per cent in thickness, 
and for plugs and mushrooms the same. Jackets must be reduced 33 
per cent, and hoops at least 30 per cenL All forgings, after forging 
IB completed, must be annealed, oiUtempered, and re-annealed. Tubes, 
jackets, and hoops an forged closely to dimensions and afterward 
bored. 

Withont entering Into the details of gun construction it will 
suffice to state that over the tube is shrunk a heavy jacket, about one- 
third the length of the tube. From this jacket to the muscle are. 
shrunk a series of lighter hoops. Outside the jacket are again shrunk 
a row of heavy hoops constituting a second reinforce over the powder 
chamber and the seat of the projectile. The breech-loading apparatus, 
of the interrnpCed screw type, locks into the rear end of the jacket. 

By the method of shrinkage, the bore in all the new guns is com- 
pressed nearly to its elastic limit, t. e., about 35,000 lbs. The actual 
diametrical compression rising from 0.005" at the muiste to 0.016" at 
the rear end of tube. 

All calibers have about the same strength, though the larger 
have a greater factor of safety thau the smaller ones. Slower bum- 
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ing powder ie uBed in large calibers. Were it not for the eroBion of 
the bore by the gasses of ezploBton the life of these gam would be 
indefioitely greaL Raising »teel to » Btr^n closely approximating its 
elastic limit raises the limit itself, and if this could go on, the strength 
of the gun would be infinitely great. 

The erosion mentioned causes unevenness in the bore, and this in 
turn affects accuracy. A new steel liner corrects this evil. Five 
hundred rounds would probably injure a large gan so as to necessitate 
relining. One of the " Dolphin's " 6-iuch guns has been fired over 
300 rounds with little apparent wear. Abroad, 10 and 12-inch calibers 
have been fired from 600 to $00 rounds without reliniag. Target 
charges are reduced, and the velocity falls to 1,700 f. s. in place of 
2,100 f. s. The maximnm pressure now allowed in the bore ie 15 
tons, say 32,000 lb«. per square inch, but we anticipate pressures as 
high as 17 tons in the near future. The muzzle pressure is about 4 
tons. 

The cost of these guns, roughly speaking, is about 50 cents per 
pound when ready for service. The price per pound falls with 
increase of weight. 

Although a IG-inchgnn to weigh 125 tons has been authorized by 
Congress and designed, it is more thau doubtful whether it will ever 
be constructed. Possibly a 13-inch caliber, weighing about 60 tons, 
may be sabaUtnted. The recent failures of English lOO-ton guns has 
cast discredit upon monster ordnance, and as a 13-inch gun can pene- 
trate 28 inches of wronght iron, there is little to gain in exceeding this 
size. Ruiges of modem high-powered ordnances are above one mile 
for each inch of caliber at extreme elevations. The length of the gun 
is a more important factor than the size in this respect. 

The largest guns in the world were made by Krnpp for the 
Italian government. Weight, 119 tons ; caliber, 15.7"; length, 46 ft. j 
weight of projectile, 2.028 lbs. ; charge, 727 lbs., tiiough 860 lbs. has 
been fired ; velocity at muzzle, 1,800 f. s. ; energy, 46,000 foot tons ; 
penetration, 80". 

Steel Cast Gc^ms. — Under act of Congress, two 6-inch steel cast 
guns, weighing about 5^ tons each, have been offered for etatatory 
trials. The first trial was of Bessemer steel. About 20,000 lbs. of 
metal were poured, the gun being cast solid. After rough boring, the 
gan was first annealed, then steam-tempered and again annealed. The 
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riHiog was done at the Washington navy yard, and the gan taken to 
AoDapolis for trial. The conditions imposed ten ronnds in quick 
BDcceasion, and the charge sufflcient to ensure a mussle velocity of 
2,000 feet per second for a lOO-ponnd projectile. A preliminary 
warning charge having been fired, the gnn was loaded wiiii forty-eight 
pounds of hrown prismuic powder and projectile. The gun went to 
pieces abaft the trunnions, the bursted segments completely wrecking 
the heavy IWneh timbers built over and around it. The breech 
mechanism was found intact. The pressare gange indicated fourteen 
tons. As the usual energy of such a charge is fifteen tons, it is evi- 
dent that the waits of the gun gave way before the gasses bad been 
fully evolved. The physical characteristics of the metal were : — 

T. S. lis. £1. L. ItK. Elotig. In I in. 

Breech long., . . . 89,686 61,693 9. 76 per cent. 

" trans., . . 78,286 67,290 0.60 " 

HOEXle long., . . B1,1S6 40,461 18.00 " 

" trans., . . 79,174 41,500 16.50 

The wide variations and almost total absence of elongation in the 
transverse breech specimen are full of significance. As the gun was 
cast breech up of indifferent metal, with an utterly insufScient sinking 
head, the reason for the unsatisfactory breech specimen appears. A. 
^eoiical analysis of the borings constituted as good an instance of 
lack of homogeneity and marked segregation as exists. The failure 
of this gun shows that poor steel, badly treated, cast without safe* 
guards, tempered by a process as nnusnal to good metal as to the 
maker, will not bear strains that call apon the best steels for all their 
elasticity and strength. 

The second gun was of open-hearth steel, of good metal, cast by 
a company of acknowledged merit, with every precaution their large 
experience coutd suggest. This gun withstood the ten rounds without 
apparent injury, but the star gauge developed serious enlargement of 
the bore. The elastic limit had been exceeded, and the gun ruined for 
ordnance purposes. Id Sweden, however, guns np to 5.2-inch caliber 
have been successfully cast and snecessfully fired. It is useless to go 
over the arguments of built-up versus steel cast guns. Certainly, the 
advocates of the built-up guns have the best of the facts. I hazard 
little, however, in believing thitt the question may assume a different 
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upect with die iaii»i>vement in caating. The prewnt ■yatem hu in 
its favor tbe pmctical impoMibttity of inoorporatiog hoA ateel iu any 
gon. Tbe navy ii fully committed to the bailt-up eystem, and the 
gnDi we are Daw building are in all reapeotB iJie equals, aud in many 
tiie Bupeiiorfl, of those of any other nation. 

8TXEL Gdk Cabriaoeb.— The pneumatic gau carri^e hai 
every part of steel. The slides are horiiontal, and the downward 
strain is taken entirely from the deck (excepting the componeut due 
to impact). Tbe strain from the recoil ii lakeu up in line with the 
horisontal side cheeks, by means of recoil cylinders supplied with com- 
pressed air from a reservoir and air compressor. The pistons are solid, 
without packing, and less in diameter than the cylinders. This pei^ 
mits a displacement of air in recoiling, giving nearly an equilibrium 
of pressures at the termination of tbe recoil. The difference in areas 
of piston head and back is sufficient to bring tbe gnn back into battery. 
The initial cylinder pressures are from 250 to 4U0 Iba. per square 
inch. The mean pressure during recoil is slightly over 700 lbs., and 
the maximum pressure abont 1,900 lbs. The usual length of recoil is 
less than 24 inches, bat the length can be reduced. The carriage is 
trained and tbe gun elevated by one man standing at tbe rear. The 
extreme elevation is 18', depression, 5*. The gun is also loaded by 
pneumaljc power. This carriage has been successfully tried, and one 
of our monitors is now being equipped with them. The one serious 
difficulty yet encountered with it is the leakage from tbe recoil cylin- 
ders. Though not accepted as a navy standard carriage, it has been 
tested and adopted for special use. 

Id tbns reviewing the steps by which steel has supplanted iron 
for naval purposes, ). have deemed it essential to dwell at length upon 
the rigid inspection and tests exacted prior to acceptance of material 
Naval inspection has served to establish standards where none previ- 
ously existed, and its influence upon the character of steels throughout 
the whole country has been marked and salutary. It is not an exag- 
eration to add that the navy demand, though not exceeding one per 
cent of the total product, has served to raise tbe character of steel in 
every art. Beyond this, the encouragement afforded by government 
orders, has rendered possible the installation of special plants requir- 
ing enormous capital. Once established, the entire country reaps the 
benefit of the improved manufacture. Tbe possession of efficient men- 
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of-wkr, smied with powerfal gaiis, capaUe of snatainiDg the dignitj 
of 1 great power, Ik the leut of the advantiigeB reaped by the nation. 
The direct service u> every mechanical trade has already returned to 
the people the prime cost of Uie new navy. 



MEETING 401. 
The Application of Storage JBatteriet to Street Oar PropvUion 



The iOlst meeting of the Sociktt of Arts wu held at Ibe 
iDBtitnle on Thnnday, March 37th, at 8 p. v., Preiident Walker in 
the chair. 

After the reading of the records of the previous meeting, and 
the election of new members, the President introduced Col. E. H. 
Hewins, general manager of the Union Electric Car Company, who 
read a paper on " The Application of Storage Batteries to Street Car 
PropuIsioD." 

Col. Hkwirs said : The qnesttoD of street transportation is one 
that more nearly concerns every individual in the conimnnity than 
almost any other, and its snlutton is one that has occapied promi- 
nently the attention of engineers in all ages. The modern horse car 
is the result of the accnmulated experience of ages, but now the 
demand is for something still better. In this service is invested im- 
mense capital, it famishes employment to thoasands. it serves mil- 
lions, and comes into most direct contact with the masses. 

Here is the opportunity, and perhaps here more than anywhere 
else is to be wrought out the old problem of the proper relationship 
between capital and labor, and state or corporate ownership. The 
signs of the times already indicat« this latter to such an extent that 
all should take note of passing events, and the Nationalist says the 
community must address itself to the eolation of this momentous 
qneslJoo. 
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Id m&Dy cities the streets have become bo encumbered with horse 
can that it is absolutely necessary to find some improved means of 
meeting the rapidly increasing demand, and here as in New York it 
would seem that an elevated road must soon come, thai do improve- 
ment now contemplated or dreamed of in surface facilities could pos- 
sibly keep pace with what sometimes seems to me an insatiable and 
growing desire to ride, — so great is the increase wherever the oppoi^ 
tuoity is furnished. 

It has always seemed to me that the matter of street traffic was 
similar to building uses. When you settle a new country, you first 
build log huts with one or more rooms on the ground. As the coun- 
try fills up, and bouses get nearer together, you put first attics and 
then more stories to the buildings, — the more people and business 
the higher the structures. Now the Giovemment undertakes to supply 
the road or street facilities for communication ; but, not as enterpris- 
ing as individuals, provides but one story. Let me ask why should 
we not, in congested districts, have two^story streets as well as high 
buildings ? 

It is not mj pnrpose to quote statistics or to recite history, but 
to give some explanation of one method by which it is hoped to im- 
prove our street car service, and to that end the application of storage 
batteries to street car propulsion ought to be both interesting and 
instructive. It is unnecessary to relate the desirability, for many 
reasons, of avoiding the net work of wires employed by the trolley 
system, nor the numerous advantages of having each car complete in 
itself, self-contained, and able to travel wherever there may be tracks 
without other special constructions or obstructions. These are all 
unquestioned by any of whatever belief or interest. It resolves itself 
into the one dispute as to whether the thing can be done 

The experience of most of those who have tried it is pointed to 
as disastrons on the ground that storage batteries cannot endure, and 
it is said tliat when storage batteries have been so far improved that 
they can be depended upon to deliver the necessary power, then we 
may have the ideal motive power for street car service. 

There is one peculiarity that is commou both to the storage 
battery and the dynamo. — they may be likened to the thoroughbred, 
who will do all that is asked of him, though he die in the attempt. 
If used within his capacity, a most serviceable animal, but if thought- 
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leulf, earelesslft en- ignoraotly used, a very coitly hone may be 
qaioklf and serioaslr iDJnred. So far as I have been able to learo, 
with one exception, tbe employment of storage batteries for street 
oar work baa thug far required a drain greater by far than any maker 
ever claimed to be tbeir t^ility to deliver. The result baa been the - 
prompt deBtruotion of the battery. 

It may be well to interject here some of the characteristics of 
Etorage batteriee, though not with any purpose to aodertake a tbor- 
OBgh dMcriptioD of this peculiar agent. I gadier from the different 
details of construction shown by different malcera diat in one rasped 
lltey may be separated into two ckuses,— one conitructed upon the 
theory that as much turface of plate as possible should be exposed to 
the solnticHi, and the opposite that nuut of acliTe material ia the 
desired object. 

Your attention is directed to the several elements shown on the- 
table, which illastrate these two extremes to a great degree, as well 
u other characteristaca. In one yon will observe that the plates are 
thin and plaoed near together with as many plates as possible, giving 
laige surface in contact with the solution in which the platei are im- 
mersed; while the other b conatmcled of thick plates placed far 
apart, thus exposing comparatively small surface to the solution, but 
Gontiuning large mass and large surface between the active mat^al 
and its carrying lead plates, which is claimed to be desirable. Again, 
we see a pile coostrooted upon quil« a different principle. Its aotivs 
muerial is not made in the form of a paste, paint, cement, or powder ; 
but ii melted and cast, so that it exposes more surface to the solution 
than ^tber, and is claimed not to deposit or waste away in nse. 

I also understand that tbe nearer together the plates can be put 
withoat touching the better, provided tbey can be secure of parallel- 
iun. In two of tbe pilee here shown is a marked pecalisrity to which 
I would call your atteaticm, t'. «., the one that is mechanically the 
moat certain of remaining in position has double the space between. 
iU plates that is exhibited in its competitor. 

However it may be obtained, whether by small space between 
the plates, by large amount of surface exposed to solotion, by large 
mass oi active material, or by Jarge surface contact between activa 
material and its carrying lead plates,— tbe desired objecte to be 
•aeured are low int^nal resistance and capacity. 
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As tbrongboal the realm of physical science there is no gain 
without compenBation, so each of these various qualities is obtained 
only at the sacrifice of some other. (Lat«r on I shall call your 
atteotioD to a seeming contradiction of this theory where we " eat our 
cake and save it, too.") Just what relative proportion in these 
various respects will in the aggregate give the beat results will prob- 
ably never be agreed upon by the different competitors. The pur- 
chaser, whether competent or not, must decide for himself. 

In the practical use of storage batteries it is desirable to chai^ 
and discharge at a low rate. If the rate be too high, the heat gener- 
ated expands and warps the plates. The expansion, or rather the 
subsequent contraction, injures the contact between the active material 
and lead ; the warping brings adjacent plates nearer tt^tber at 
places; both resulting in the generation of more beat, — one because 
of imperfect contact, and the other because of the greater flow of 
current at those places where warping has taken place ; and so the 
work of disintegration goes on with increasing rapidity. If, however, 
the rate is confined within certain limits, it is found by experience 
that the batteries endure, except for the slow, gradual wasting away 
of active material in a powder form from the positive plates. This 
is not ei^nsive in its renewal, but the effort now ia to reduce the 
rate of this reduction. 

The question then comes : How to do the service with less, or, 
what is the same in effect, how to economize the energy we have at 
command so as to keep within the capacity of the battery. It was 
conceived some four years ago by Mr. William L. Stevens, then and 
now electrician for the N. £. Weston Electric Light Compauy, that 
the gearing employed to transmit the power and to reduce the rotative 
speed from the motor armature to the car axle, exposed as they were 
to dust and not well lubricated, must be a very inefficient method of 
transmission, and his studies and experiments finally produced a train 
of gears which, instead of the exposed gearing in common use with 
countershaft passing through between the field coils, is nested con- 
centrically around the axle, enclosed in a dust-tight case, and runs in 
a bath of oil. In addition, the strains in all but one place are equalized 
on opposite sides of the shafts, so that, the minimum of friction and 
wear is secured. Careful measurements have shown that not less 
than one-half the electrical energy is oousumed in the friction of the 
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exposed gears and beariugs in common nse> This friction is made 
manifest by the wear, pracUcal examples of which are exhibited upon 
the table. Here are four pinions from one of the prominent systems, 
worn out aa you may seut one in less than one month, the average 
life said by the road offinals to be about two months. In contradiction, 
here is the pinion from an armature shaft of the Stevens gearing that 
has rnn about 8000 miles, and you can see that it has lost practically 
none of its life. Thorough lubrication and cleanliness are the secrets 
of its endurance. You will also notice the difference in the faces of 
these pinions,— the one that shows little or no wear has bat 3^" face, 
while the others have 4^" face. The one has not been required to 
transmit more than one-half the power of the others to accomplish the 
propelling of the car. Fig. 2 shows a pinion made of cast steel which 
was worn oat in four months' use- 



Fig. 9. 
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Id addition to the saving of energy and repair is the fact that the 
trock rides much easier, not being rendered stiff by tbe gearing and 
connteri^haft, — qnite a difference in the agreeable riding of the car, 
and alto, what is more important, an absence of notse from the gears:, 
vhich, when considerably worn in the systemB with which yon are 
familiar, is very exoeesiTe ; so that conversation is difflcnlt. No donbt 
many of yon have noticed that when new cars or lines are started the 
noise is very mnch less than after being mn a few months. This is 
very lai^ely dne to the wearing of the gears. 

Another important featnre of Mr. Steveos's invention is called the 
" rechai^ng " device. This invention consists in rendering a series- 
wonnd machine, either a motor or dynamo, as the occasion may call 
for, witbont the necessity of human intelligence or action. The possi- 
bility of doing this without mechanically reversing the field connections, 
and the application for a patent, were denied, and it required quite an 
effort to convince the Patent Office that it was being done daily. It 
simply consists of a few cells of battery put into a shunt circuit with 
the field coils. The resnit without these supplementary cells is that 
when the car tends to mn faster than the position of the switch handle 
indicates is desired, the conntor e. m. f. becoming equal to that at tbe 
binding posts, no current flows, and oonseqnently there is no magneti- 
cation of the field magnets ; but with the elementary oells the field is 
kept charged in the right direction, and immediately the speed has 
increased beyond tbe desired rate, the machine driven by the car gene- 
rates a current in the direction opposite to that which drives it as a 
motor, and tbe current bo generated is returned to the batteries or to 
the line as the case may be. — for it is to be nnderstood that this 
system is equally applicable to storage battory, to overhead or uudei^ 
ground conductors, or to a combination of the two. For instance, 
there are places where overhead construction might be unobjectionable 
and even desirable, bnt on a oontinuation of the same route inadmis- 
sable. In such cases the car would habitually be started with current 
from the battery, and after having attained a proper speed be switehed 
onto the trolley, and while so connected the battery would be charged. 
When the end of the trolley wire is reached, the car would be rnd 
over the balance of the route entirely with current from the battery 
nntil its rettim to the trolley wires. 

Cars equipped with this system are habitually run down bill, and 
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restrained from going too tost and stopped by this recharging device, 
the hand-brake being used only when stopping on a grade, and to hold 
the car while standing. Thus it will be seen that the enei^y of the 
ordinary brake employed by other systems to hold the car from going 
faster than desired, or to stop the car, is by this system returned to 
the battery to be used over again, or to the line to reduce the amount 
of power generated in the power honse. This Is saving the cake that 
is also eaten. The amount of energy so returned to the batteries on 
the Beverly and Danvers street railway is determined by careful 
measurement to he about fourteen per cent of tliat taken oat, and after 
reduction for efficiency of batteries, loss in conductors, etc., leaves 
about nine or ten per cent, as the increased mileage due to the charg- 
ing back device. The motion of the car is by its use made much 
more agreeable, and its control more effective. 

Had the car that recently ran into another on Warren Street been 
fitted with this simple recharging attachment, the collision would not 
have taken place, notwithstanding the fact that the trolley was oS 
the wire. 

The two curves shown in Figs. 3 and 4, taken on different elec- 
tric railroads, showing in a graphic method the amoant of horse-power 
necessary to propel electric cars, are interesting. Th^ curve in Fig. 3 
was made from data taken on a car on a lev^l road, using the ordinary 
overhead single trolley system, with the motor armature geared to 
the wheels by the ordinary two sets of gears open to the dust 
gathered from the road. The curve in Fig. 1 was formed from data 
taken on the Beverly and Dauvers Railroad, which is very hilly, on a 
car equipped with this system. As will be seen from the first curve,, 
it took about twelve horse-power to start the car at first, the gear 
being new ; and at a certain part of the road consumed 20.1 horse- 
power. The next start took 21.4 horse-power, while the third start 
took 38.5 horse-power, presumably owing to the gear getting dirty, 
making an average throughout of 9,8 horse-power over the whole run. 
In the lower curve on the Beverly road the car was started with from 
5 to 10 horse-power, and running at the same speed as in the former 
test the highest horse-power consumed was 16.1, while, where the 
curve passes below the borieontal or ■' no-current " line, considerable 
saving was effected by charging bock, as mnch as 19.8 in one case 
being returned to the battery. The average horse-power in this case 
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is pnt down at €, bat bb b matter of fact it is about 5.54. The sav- 
ing over the whole line by charging back is about fourteen per cent, as 
■Cated above. The saving in such a caae is not at first easily seen, bat 
we think a careful study of the above enrves will prove that there is 
yet much to be improved in the ordinary method of runubg electric 
cars, and they will serve as an explanation of the acknowledged and 
unnecessarily high power which today is regularly being conaamed 
on electric railroads. 

The methods that I have tried to describe to you perhaps seem 
too simple and too easy of acoomplbhment to be sufficiently efiective, 
but a serious attempt to do it I think will convince the most scep- 
tical that it is not so easy as one would be inclined oS-hand to 
assert, and it is a fact that a sufficient amount of power is saved to 
enable the storage battery in its present stage of development to do 
the work. This is the important consideration, and what it has been 
sought to accomplish. I do not doubt that the frequent recharging of 
the batteries while in serviice increases their endurance, and no doubt 
the constant agitation of the solution enables them to withstand heavier 
drains than wonld be the case with stationary work. 

This system was applied last summer as the motive power to a 
transfer table at the car shops of Uie Fitcbbnrg Railroad at East 
Pitcbborg. The current is taken from the same dynamo that fur- 
nishes light for the shops, and is carried to and from the motor by two 
wires and trolleys. 



MEETING 402. 
£xp«rimtnU with Altematinff Ourrmti. 



The 402nd meeting of the Society op Abts was held at the 
Institute on Thursday, April 10th, at 8 f.h., Frof. C. R. Cross in the 
chair. 

After the reading of the records of the previous meeting, the 
churman introduced Frof. Elihu Thomson, of Lynn, who read a paper 
OD " Experiments with Alternating Currents." 
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PKor. Tbohson Baid : The study of alternating currenla and the 
effect* of such currents in prodndng field* of magnetic inflaence has 
been greatly stimulated by the induatriul development taking place 
with alternating currents in electric lighting. In particnlar, the 
phenomena occurring as a result of induction and self-indnction have 
opened to us rery many interesting fields for study and investigation. 
The consideration of tjie action of displacement of phase due to induo- 
tioD or self-induction, as the result of a retardation or lag brought 
about by such induction or self-induction, has been particularly inter- 
esting and fruitful. Uuch light has been thrown upon the more 
obscure actions occurring in ordinary electrical apparatus using oon- 
tiuuoni currents by the analogous but more pronounced effects ob- 
tMued with alternating currents. The subject of losses due to mag- 
netic friction or hysteresis has been and is receiving careful study in- 
tiie hands of some of the ablest electricians. The revival of the almost 
forgotten idea that the static spark or Leyden jar discharge is an 
alternating discharge at a very high rate or speed of reversals has 
not only assisted in our general understanding of electrical actions, bat - 
has borne fruit, it may be truly said, in the experiments proving that 
light and radiation are phases of electrical action,— Dot, as I have 
seen seriously discussed that light and electricity are one and the same 
thing, but that light and radiant heat are related to the science of 
electrical undulations or vibrations. It becomes simply, then, a 
widening of the electrical field to cover light and radiation, not a ques- 
tion of identity in all respects. 

In the same way I anticipate eventually that we may learn by 
experimental research, coupled with theoretical cousiderations, that 
conduction of electrical current is not different from electrolysis in 
essence, except that the interchange of atoms in molecules of the con- 
ductor replaces that occurring in the electrolyte, and where the conduc- 
tor is a solid a restriction of the decomposing and reforming molecules 
to definite positions occurs, while in the electrolyte t4ie newly formed 
molecules are freer to move, and may therefore take new positions. 

I anticipate, further, that we may learn that the warming of a 
body absorbing light or radiant energy is a result of almost infinitesi- 
mat closed electric circuits, jnst as the warming of a copper plate 
exposed to magnetic waves is due to electric currents on a larger scale. 
It may be possible also that we may learn to regard atomic move- 
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Bents, or tranafere of ktoms from molecnlet to other molecules in 
chemical actioBs, as broaght about hy electrical strains ; perhaps to 
find that the dispersion of light b^ refracting media is in realitj closely 
related to such strains affecting the atoms or atomic stractnre, as dia- 
tiugaished from the molecnlsr structure; or it i« a kind of atomic 
interference phenomeDon. Already we are compelled to admit that 
the atomic stractnre of heated gases is snch as to enable the atoms to 
give out definitely repeated electric strains, that is, definite wave 
lengths of light or color, — that the atoms are, as it were, like toning 
forks of definite pitch, which, instead of setting np sonnd wares, can 
give forth electric waves. 

It is' not impossible that the science of chemistry itself may he 
adjudged to be a department of electnoity. Whether gravitation and 
other molecular forces and properties will eventually be found to be 
so closely related to electrical actions is difficult to say. Perhaps we 
may be able to make the broader statement that the properties of the 
oaiversal ether are electrical, and all the phenomena of the physical 
universe are closely related to, or exemplify the properties of, the 
ether. 

I have extended this opening statement to some leugth, chiefly 
because I did not wish to miss the opportunity of furnishing, if pos- 
sible, some food for thought, and because what we are to deal with la 
our experiments here are some instances of phenomena which depend 
directly on the ether motions, and not on the air, that is, they depend 
upon waves in the ether differing from those of light and radiation by 
being of extremely stow rate comparatively i but a very few hundred 
a second instead of millions of millions. 

If we pass an alternating current through a coil of wire surronnd- 
ingan iron wire core, or even if such core be absent, we will obtain an< 
alternating magnetic field around the coil and core. The polarity or- 
direction of the magnetic lines in such field is reversing a number of 
times per second, equal to the number of changes in the direction of ibe 
current in the coil. Now, if we immerse in snch field in the proper 
way a closed coil of wire, a band of conducting metal, a plate of metal, 
or in fact any substance which conducts electricity, it will be the seat of 
currents of alternating direction corresponding to the inducing cur- 
rents in the coil. The coil, band, or plate becomes a secondary circuit 
for the inducing coil. The ether waves or magnetic waves produce 
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waves ot current in the conductor. There is, however, n Btrong repul- 
■ive effort exerted upon the closed coil, band, etc., when it is of soch 
size and ouUerutl as to have the currents induced subject to ^eat self- 
induction. If the currents induced lag or are retarded, they become 
opposite in direction to those which produce them, instead of alter- 
nately opposite, and in the same direction. The currents induced 
tend to maintain a magnetic field of opposite direction of polarity to 
that of the inducing currents or field at any instant. If the closed coil 
or secondary band exerts by the currents induced in it a conbvlling 
effect upon the magnetic field, sudi that the normal directions of the 
magnetic lines set up around the inducing coil are greatly distorted, 
the repnlsive effect is strongly produced, and can forcibly thrust the 
ring or band away from the coil, or it may balance the ring for a 
moment in tree air (Fig. I). Could we obtain a condition of stable 







equilibrium in this case the ring would remun suspended, but the 
condition is one of unstable equilibrium, and the ring or band ctai only 
float securely above the coil when stayed at one side by horizontal 
strings. 

Plates and discs of copper are likewise repelled or sustained. 
When one ring of copper is held in saspension above the coil or pole 
by alternating currente, another ring may be added and is supported 
closely parallel to the first ring, in virtue of the agreement of direc- 
tion of the induced currents in both rings, which causes attraction, or 
makes them act as one ring. Too heavy a mass of copper, such as a 
heavy copper plate, will, however, cut off or so far distort or reflect 
the magnetic lines as to nullify their effects on a ring placed above the 
plate. This is exemplified very easily by substituting for die ring a 
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coil of iDsnlated wire, whose tenDtnala mre carried to an incaiKleHceiit 
lamp (Fig. 2). The lamp is lighted when the lam|hCoil is held near 
the indncing coil or pole, and extiDgaiehed when the heavy induction 
shield or plate of copper is inserted between them. Hence, to cut off 
indnctiou from reaching an object we may enclose it in a heavy copper 
box or shell, in aboat the same way as we cut ofi or shield an object 
from magnetism by enclosing it in a heavy iron box. 

The lamp experiment jost described snggests another, in which 
^e lamp and the coil, for giving cnrrent to it, are floated, or rather 
immersed, in a vessel of water as in a jar, and then placed over the 
altema^ng pole (Fig. S). Not only does the lamplight in the water, 
bnt the lamp and coil are lifted or supported from sinking, and at & 
depth depending on the current in the indocing coil, or the strength of 
the alternating field which it engenders. The lamp is self-regalating 
for variations in the force of the prime sonrce of current. By oounter- 
potsing the lamp feeding-coil on a lever (Fig. i), the brilliancy of the 





tamp may in tike manner be set by suitably weighting the lever. Or 
if several lamps in series be used, connected flexibly to a coil in the 
magnedc deld of another coil, and either the primary or the secondary 
coil be balanced so as to tend towards the other with a definite force, 
the regulation of brilliancy is preserved not only during changes in 
the force of the primary current, bnt also during changes in the num- 
ber of lamps in the series lighted by the coil. In other words, we 
are able to secure a complete regulation for all conditions. The 
device is an alternating current transformer, yielding a definite current 
strength for the operation of arc lamps, incandescent lamps, or other 
devices, either singly or in series of two or more. The lamps are 
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provided irith the umai shunting ■tritcheg. I have foand alM that 
the r^^lttljos omj be obUuned by governing in a similar manner ths 
reactioQ or self-induction of the primary itself, or tbe primary ^""^"^ 
may be caused to traverse a series of lamps and a reactive coil, and 
tbe secondary coil or band be simply a partially balanced closed cir- 
cuit, movable automatically to change the self-induction of the reactive 
coil, of which it is the secondary. It will be seen, then, that the 
repulsive action can be used practically in regulation of alternating 
current. Very good and effective practical measuring instruments, 
88 well as alternating motors, have been based on the same principles 
of obtaining movemeiit from such currents. Our time does not here 
permit a description of tbeae. The regulating mechanism of arc lamps 
for alternating currents can equally well embody the repulsive devices 
of the closed band or circuit, and a coil in circuit with or in shunt to 
the arc 

We have shown the experiment of causing two ringt to lie 
attracted and held together while subjected to the alternating field. If 
we substitute for one of them a disc of ct^per (Fig. 5) pivoted so as 
to rotate easily, or a disc of iron likewise pivoted, we can, on variously 
pladng the closed riog and disc in the field, obtain brisk rotation of 
the disc. A plate of copper or brass may be substituted for the ring, 
and, in fact, any closed conducting plate or piece of metal may be 
used. The action is dae to tbe formation of parallel currents, or 
harmonizing and attracting fields, where two copper pieces are used, 
and to retention of magnetism or hysteresis where one of them is of 



o o 




I would say here that Mr. M. J. Wigfatman and mygelf bavo 
carried on these experiments to a considerable extent, and amplified 
their effects In many ways, eoDStructittg motors, regulators, etc based 
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thereon, and Uuit they are capable of very maoh extenuoa and roodi^ 
ficaiJoD. Some experim«nt8 of a novel character were shown last year 
at the Paria Kxpoeitioa, and were based on the principles jnst touched 
upon. I have since that time etlended the list, and now it inclDdee 
quite a large number of curious devices. 

In the disc experiments shown we used one disc and a shading 
plate or circuit, held stationary. By employing two discs of copper, 
(Fig. 6) or of copper and iron(Fig. 7), it wilt be seen tiiat both muy 
revolve, as one eerveB to modify the field for the other in each cue. 
The positions of the discs relatively to the field are found capable 
of being considerably varied,' and the rotative actions are readily 
tnade to lake place in one or other direction. These variations ue 
easily found by trial. 

The discs of iron or copper may also be set rotating by a core 
wound with a coil conveying alternating impulses, and surrounded by 
coils or circuits which can be closed at will. An nnsymmetrical plac- 
ing of the disc, and an unaymmetrical position for the closed circuit, 
with reference to the middle of the length of the core, is conducive 
to this effect. 

A curious variaUon of the rotating disc effects is obtained with 
pieces or bars of hard steel or iron, which resist reversal of magnetism. 
Placing a bar of steel, ench as a file, upon the alternating poie, and 
holding the discs near the file (Fig. 8), is attended with rotation of 
the discs in a directioa indicating a magnedc flow, or shiftiiig set of 
lines or magnetic poles, proceeding along the file, from the vidnity 
of the alternating or inducing pole. Two or more discs may be eauly 
set moving by the file laid across the pole. It will be noticed that 
while the copper discs operate only when their plane intersects, the 
direction of mi^nefism or magnetic lines leaving the pole, the iron 
Ascs operate in an; position with respect thereto. This u easily 
explained by the fact that the ctipper dbcs move by virtue of eurrentt 
set up in them by the changes in the magnetic field, and particularly 
in obedience to the shifting of the field, while the effect on the iron 
disc is almost purely magnetic, tuid not dependent on induced currents 
set up in it The tendency to resist change of magnetic state accounts 
for the fact that the edge of the iron disc follows or tends to follow 
the development of polarity iu the steel, which also resists nu^^netio 
change, and which therefore changes only progressively. 
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A cnrioos experiment, oombiniog the effects of doted drcaits 
aronnd oores and hysteresis, or resistance to raagnetic chuige, ig seen 
ia the use of & cast-iron ring, on one part of which is wonnd a amall 
coil of copper wire, closed on itself. When this is laid down so that 
th« part of the ring near the dosed coil rests on the alternating pole, 
and the juvotad iron disc is held near the center of the ring with its 
plane parallel to that of the cast-iron ring, there is noticed a rotation 
of the disc in a direc^on coinciding with propagation of magnetism 
aronud the ring, from the inducing pole along that side of the ring on 
which the closed coil is not wonnd, said coil appearing to shield or cat 
off its propagation in the other direction around the ring. The cur- 
rents developed in the dosed coil beat back the magnetic lines, while 
the; remain free to move along the uncovered portion of the iron 
ring, and so drag the disc around also. 

Sy taking advantage of tite prindples set down we may constract 
a simple motor, such as is here seen. A ring of laminated iron has a 
slot cut tliroogb at one part. The rest of the ring is wonnd with' 
insalated wire throngh which an alternating current may be sent 
(Fig. 9). The sides of the slot or pole faces are partly shaded or 




shielded by copper circnits affixed thereto on the upper part. The 
effect of this is to retard the development and change of polarities in 
the upper part of the opposed pole faces, and leave the action nnhin* 
dered in the lower part. 

Placing a copper disc mounted so as to be easily rotated, with 
one part of its edge in the slot, there results a vigorous rotation of Uie 
disc and the exertion of some torqoe. Bemoving the disc, we may 
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nae the slot aa k coin detector, for a silver coio is drawn in at the 
Doder side uid projected upwards with vigor, while a base metal coin 
is not so affected, the snperior conductivity of the silver for the cur- 
rent induced in it deciding the question (Fig. 10). 

We may also cause rotation of a copper disc by holding it flat- 
wise over the alternating pole and then pladog a core of iron wires 
above the disc, bat offset laterally fW>m the axis of the alternating 
pole. The disc is immediately set into brisk rotation. 

Copper balls or cylinders may be substituted for the discs. With 
a hollow copper ball resting on a shading plate (Fig. 11) placed over 
the alternating pole, onrioas rotatory effects are readily produced. 
Similar effects are produced when theballs are immersed in a vase of 
water over the pole (Fig. 12), the pole being partly covered by a 
copper or brass plate. The copper ball will even rotate on a horison- 
tal axis, while resting against stops and on a copper shading plate, a 
movement showing considerable vigor of rotation which even over- 
comes the equatorial friction of the ball on the plate. 





Here, as before, the canse of the action is the moving magnetic 
field in which the hall is immersed. The effects are tiiose of retarded 
development of magnetism over the shading plate as compared with 
its development over the free part of the pole. This virtually amounts 
to a shifting of bondles of magnetic lines from the free part of the 
pole towards the shaded part at every alternation of carrent. These 
bundles may be stud to brush the balls around. A copper onp may 
take the place of the ball in some of these experiments, or both ball 
and cup may be used together, while curious effects are obtainable 
from them. 
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A very good device for auppl&titiiig the copper and iron di*cB in 
some of the experimeDta is a combination of the two. A small shaft 
haB some thin iron wasben Btruog on it at the center, and around the 
edge of the iron discs is placed a copper ring or band, forming an over- 
hanging rim like a pulley rim. The shaft is hung in a suitable frame 
to allow the device to be handled. 

Placing a wedge-shaped piece of iron on the alternating pole, and 
with its edge npward (Fig. 13), we may bring the induction wheel, 
just described, near die edge, but to one side of it, and we will obtain 
brisk rotation of the wheel. On the other side of the edge the iota- 
tioD is reversed. The action is due to the same cause as was found 




Fig. 1*. 

in the case of the steel file, though it is a curioos modification, inas* 
much as the appearance is as though something passed oft the edge of 
the wedge, and blew the wheel around. 

I have reserved for the last instance of these actions the case uf 
a gyroscope of novel construction (Fig. 14). The wheel is like that 
just described, but it is mounted on pivott home in a copper frame 
surrounding the induction wheel, which frame is in Inm provided with 
a bar for pivoting and for a counter-balance weight. The instrument 
thus constituted is hnng on a pivot placed in the center of the alter- 
nating magnet pole and held for a few moments, during which the 
wheel gets into rapid rotation. It is then capable of exhibiting all 
the well-known gyroscopic actions, which are a stumbling block to 
beginners in the study of physics, and than which nothing could be 
more simple and easy of comprehension when the true meaning of the 
actions is grasped. It is, indeed, curious to notice that in this electric 
gyroscope we have the electric rotations obtained, no doubt, from a 
direct ahgorptioD of ether energy or wave motion, withont connection, 
electrical or mechanical, and that they are obtained altogether inde- 
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pendently of tke gyroaoopic rotatiooB, which l&Uer ue not interfered 
with by the electric actioD. 

The discuision of each case of moTement prodoced in the experi* 
meots hai DeceBBaril; been of the briefest kind, bat it will be nnder* 
■tood that there is material for minute stndy in any of the cases which 
have been shown. Many of the efiecis can be indefinitely modified. 
The examples given are intended to show in what respect the proper- 
ties of an alternating field are snch as distinguish it sharply from the 
ordinary unreversed field of a magnet, snbject to the action of con- 
linnoos current only. The esperiments also bring oQt forcibly the 
effects of lag with alternating current waves. It is needless to say 
that the whole action and theory of lag or retarded phase has nothing 
parallel in continuous current work ; that in dealing with alternating 
electric currents it is a most important action or effect, and that with- 
out a due regard for its importance many of the most interesting and 
instructive phenomena of alternating currents will fail of being cor- 
rectly understood. 

The paper was illustrated by numerous experiments and black- 
board diagrams. 



MEETING 403. 
Centrat Bteetrie lAght Stationa of London. 



The 403rd meeting of the Society or Arts was held at the 
Institute on Thursday, April 25th, at 6 p. m., Hon. Jacob A. Dresser 
in the chair. 

After the reading of the records and the transaction of some 
business the chairman introduced Mr. Frank M. Gitley, of Chelsea, 
who read a paper on " Central Electric Light Stations of London." 

Mr. GiLLET said : Electric lighting in London does not have a 
long lustory, and if measured by what has already been finished would 
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Dot excite even pauing notice. Bat it is the " what m&y be " suc- 
ocMfal ByBtems that are now on trial there which the whole Bcientific 
world studies with interest. Activity in the promotion of companies 
to sapply electric lights is of comparatively recent date.juid it is only 
within the put year that the public has sought electric light stocks 
for conservative and legitimate investment. 

Great Britain far surpasses' us in legislation and red tape. In 
1S82 a few central stations were projected, and several cities auit 
towns that were sfiffering as they thought under the burdens of pri* 
vate corporation gas monopolies were indirectly the cause of the 
passage of an act by Parliament, whereby electric light stations could 
be bought by municipalities after 21 years at the assessed valuation 
of the apparatus. Soccessful ventures could last 31 years; failures 
or partial failures would alone remain in the hands of private com- 
psoies. The municipal control of gas works is common in Bngland, 
and perhaps ae successful as private enterprises but no more so. Pri- 
vate capital did not come forward very freely. Too much legislation 
had blocked the way, and, with the exception of a few experimental 
ventures, electric lighting was forgotten. In 188S the time for the 
purchase of a plant by the local authorities was extended to 41 years, 
' and some other concessiona granted that made electric lighting pos- 
sible, if not profitable. 

To erect overhead wires a "license," t. e., public consent, must 
be obtunedt and of course where buildings are used for structures 
private consent as well ; but as poles in the streets are rapidly ex- 
eluded, the somewhat expensive and temporary system of housetop 
circuits did not find favor, except in a few instances, although all com- 
paoies employing overhead wires exclusively were not subject to the 
selling out clause in the law of 1882. To obtain the right to open 
streets and lay undergronnd mains a provisional order must be ob- 
laiued, and this subjected the company to the danger of being bought 
at the end of 21 years by the local authorities. 

After the change in the law in 1888 there was a boom; systems 
almost without number had been invented, and some perfected. To 
try each on a working scale many were ready to supply money, and 
by the end of last year 179 applications had been sent to the Board 
of Trade for provisional orders, one-third of which were from local 
(Hithorittes. 
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The bnsineis o[ mavufactnriDg electric light apparatus ii not 
under the control of a few large companies that use one system and 
work eiclustvelj ander all the patents of some one inventor. Ready 
made machinery in stock is no more to be fonntl than ready made 
clothing, and even then the fit is not always to oar taste. A variety 
of systems is made hy almost every electrical engineering firm and 
no two installations look tJike. Experimental work is often done in 
commercial stations, and thus the Boccesstul completion somewhat 
retarded. In striking oootrast are the careful laboratory tests of new 
apparatus in this country, and the ready supply of the same when 
proved satisfactory. 

In England the rights of consumers are carefully guarded, maz- 
imnm price fised, dividends in excess of eight per cent allowed if 
prices are proportionately lowered, and inspection of mains and meters 
provided for. Here generous concessions are made to companies, 
subsidies in the form of contracts for street lighting, and land grants 
in the very streets for poles. Some work in this country has been 
too hastily done, and the rights of the pnhlic have not been carefully 
preserved. In England current must be furnished at all times to 
every applicant by meter, and at a price not exceeding a fixed sum. 

To a slight extent the low tension two or three wire " Edison 
system " is in use, but the contest is the most bitter between the stor- 
age battery and alternate current systems, the advantage in number 
of plants being with the latter. In granting " orders " to compaoies 
competition has been allowed by the Board of Trade and even favored, 
especially where both alternating and direct current systems could be 
supplied in one district, the fact being recognized that the alternate 
current motor is as yet not a commercial success. 

The Metropolitan Electric Supply Company, one of the largest 
companies in London, has a targe area allotted to it, and proposes to 
erect stations over the entire district of the lOOt' volt transformer 
type with one exception, that of the Whitehall Place Station, which 
had been in operation some time before it was taken by the newly 
formed Metropolitan Company. 

Whitehall is an imposing building for offices, and faces the Thames 
embankment and is close to the Grand, Metropole, and Victoria hotels. 
The building is not fully completed. The station is under the street 
or place at the rear, is entered through the building, and is connected 
to its chimney. 
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The plant consists of three Siemens shunt-wound dynamos, run- 
niogSdOrevoludoDBper minute, aud connected direct Co Willans triple- 
expansion engines, the exhaust steam being condeDsed in heating the 
building, passing through two heaters, one warming the water for 
heating the bnilding, the second for the feed water. Pumps for water 
supply and elevator are in the engine room, where there is also a 
large tank for softening water. A fan operated by a steam eugioe 
exhausts air into the flue and reduces the temperature 15 degrees, 
- which is 100° at the least calculation. In the Garrick Theatre there 
are 8 batteries of 44 cells each, chained with only 33 in series, when 
there are of course 10 sets. The Elwell-Farker type of cells is used 
here as well as at the station, and furnishes current while the enginea 
are not working from 12.30 u. to 7 A. m. Two 8 sets of batteries, of 
which ooe-halE are used every other day, can discharge, combined, 1700 
amperes. Pilot wires are rnu to the station from the most distant 
pointa of the underground mains about one-half mile away, 100 volt 
lamps are used except in the theatre. The E. M. F. at the dynamos 
is 108 volts. Hand regulation is satisfactory with the eogiues. Tliree 
single-ended internally-fired marine boilers supply steanp. The roof 
is formed of iron trusses supporting the paved street above. This 
station is "worthy of notice as deserving a diploma for the hottest 
engine and dynamo room. It is a wonder that the storage batteries 
are not injured. 

The reason assigned for the apparant want of success with stor- 
age batteries in this country, especially in New York and Philadelphia, 
is, according to English engineers, the excessive heat, hut in this room 
they, are operated in an atmosphere at a temperature not far from 
100 degrees. 

At Rathbone Place, Waterloo Bridge, Manchester Square, 1000 
volt alternating stations were under construction. One at Sardinia 
Street, near Lincoln's Inn Fields, was completed last September. The 
interior is un-English. There are four 2500 light dynamos driven by 
compound engint^e made in this country, and are as much reason for 
congratulation as any of the notable victories by American scientists 
and manufacturers. At any rate, American electric lights have been 
io well liked that the original plant has been more than duplicated. 
The cbimney of this as well as of tbe Rathhone Place station and 
many others is built with white enameled or glazed brick on the 
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oDtaide. Sach cbimneyg can cMt shttdows only wheti the bright huh 
is shinitig, a rare occurrence in London. At all other times eo nearly 
of the same color and brightnees of the sky do they appear that they 
would pOM unnoticed. There it a curious law in London which may 
prevent the abutting oS of any light from the sky by buildings erected 
near windowi that have been In dm for a long period. 

The St. James and Pall Mall Company has a station off Duk« 
Street, near St. James Square. This district was pointed out several 
years ago by Prof. G«orge Forbes as Uie most hvorahle quarter for 
a low tension system. Offices, clubs, fashionable private residences, 
and stores demand a large and continuous supply of current. The 
district is less than a square mile, and the station not far from its 
center. The site, which was occupied by a stable, is a court yard, 
which is to be vaulted entirely by iron girders on which the yard is 
to rest. Two locomotive 400 horse-power boilers are in one portion 
of tbe cellar. The remainder of the cellar already excavated con- 
tains ten 800 horse-power Willans engines. Tbe exhaust steam 
escapes by a separate flue built onto the 140-foot chimney. Over- 
head travelers facilitate the handling of engines and dynamos. These 
rest on concrete 8 feet thick, and there is a trench the whole depth of 
the concrete aroand the engine room to stop noise and vibration. The 
company was several times complained of soon after it began oper- 
ations in April, 1889, but on investigation it was found that die 
engines W^re not running at the times stated in the complaint. Great 
care is used in every installation to give no grounds for complaint, and 
contrary to what we have always supposed, the average Snglishman 
has a vivid imagination tor noises and disturbances that tbe less acute 
ears of Western nations would fail to notice. The dynamos by Lati- 
mer Clark, Muirbead & Company are of the Siemens type and, what 
cannot he said of all English machines, run cool. The electrical reg. 
nlation is done by a potential galvanometer connected to pilot wires 
laid in the trenches with the feeder wires, and oonnocted to them at 
the points of distribution. This potently governor makes contacts 
which set in motion in one direction or the other a little motor which 
throws in or out resistances in the circuit. The fuses are of lead wires, 
the ends of which are joined to solid lead strips. The instruments 
of the Cardew, Ayrton, and Ferry types are complete and con- 
veniently arranged. 
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Ascending from this baMment by & wicdiDg iron sUircue, a floor 
is reached, designed for accamulalora. Tbe next floor it filled with 
Garriages, and the apper one with offices. The final capacity of this 
station has been carefully considered in its design, and is 13,200 horse- - 
power or 2000 light dynamos, and by the aid of accumulators 50,000 
lights can be supplied. All foundations and steam and exhaust pipes 
hare been laid for the fall capacity. The mains and feeders are 
bundles of bare copper strips in 150 feet lengths stretched tight with 
tackle and soldered, and supported at tbe ends of each section of con- 
duit. Tbie ia of U shape, the sections being joined by iron saddles, 
caulked with lead. The cover fits into grooves, aud is made water 
tight with hemp and red lead. At each saddle a porcelain separator 
with three grooves contains and supports tfae conductors. As the 
sections are abont 10 feet long, ebonite separators are also placed on 
top in each section. Attachments are made by drilling, tapping, and 
bolting the house mains to the street mains. At low points the con- 
duits and junction boxes are drained. The coal used in this station 
costs delivered 24 shillings, or S6.00, per too. The best Welsh navi- 
gation or smokeless coal must be used in London, and this, with the 
coal dues and expenses for teaming, makes the fuel bill more of an 
item in the expense accbant than would be the case with us if more 
economical engines were used. A secoud station is proposed in the 
nonfaero pbrtion of the district near Oxford Street. 

The Kensington & Knightsbridge Company have at Kensington 
High bridge a station now in its fourth year, engineered and designed 
by Hr. Crompton. 700O lamps were connected in July, aud at the 
time of my visit, 6 p. u., with three hours more of daylight, the out- 
put of 50 amperes indicated that 100 lamps were in use. Three 90 
horse-power Willans engines and three 550 ampere Crompton dyna- 
mos, and 2 sets of the Howell accumulators of 60 cells each formed the 
working plant. In July the starting hour is 7 p. u., and tbe machiu- 
ery is stopped at 1 a. h., or when the cells become fully charged. 
During the remainder of the 24 hours the batteries supply current. 
These have an output of 100 per set. Tbe batteries simplify regula- 
tion. The plant was being more than doubled in size, and Babcock 
and Wilcox boilers of 250 horse-power were being added. Other 
generating and storage battery stations are in process of erection or 
contemplated to supply this district. The cost of producing 1000 
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watts in Dec., 1668, was 2 ceiit«, iDclading all operating expenses and 
repairs, 5000 lamps ooonected and 67,500 uaits contracted at 16 cents 
per unit. The unit adopted by the Bo&rd of Trade aud bv one lai^e 
parent company in tfais country is 1000 watts — 1 ampere at 1000 
volts or any product of amperes aud volts tbat wi11=1000, and is 
i)early=20 16 candle-power lamp honrs or 100 cabic feet of gas. 
A dividend of 7 per cent was not distributed, but was devoted to ex- 
tensions. The mains are laid in brick cemented culverts nuder the 
sidewalks. There is no depreciation to the insulating material which, 
a« in the St. James Station, is that advocated by Captain Brophy, of 
Boston, i. e., dry air. The bare copper leads are' supported by glass 
iuBuUtors. 

The Crompton system embodies groups of storage oelh chained 
in series and placed at convenient poiota for distributioD, 4 or 8 bat- 
teries in series, and 550 to 1 100 volts in the chargiog main. The first 
of the type of cell employed, wbich is of the Plante style, were formed 
tn tiiu, and having no capacity acted at first as regulators and slight stor- 
Age. A battery costing $1000 three years ago is now valued at t800. 
Cells of newer types have a discharge of 1000 amperes and depreciate 
less than 5 per cent The need for storage is ca'used by the large ontpnt 
for a short time, about 7.30 P. u., when the servants are preparing 
dinner and others for dinner in the chambers. Drawing rooms and 
dining rooms are then llgbted. Tbe shops do not close until 6 o'clock. 
A few motors are operated, and for these in London there is not a 
very good field. Elevators have not to any extent taken the place of 
the good old-fashioned itairway, safe without inspection, and besides 
it is difficalt to compete with hydraulic power from water distributed 
at 700 pounds pressure per square inch. A 60-foot passenger eleva- 
tor costs for water $36.00 per year by contract. The Kensington 
station has nsed the Aron meter exclusively. 

" Dead as Chelsea " is not true of the part of London known 
by that name. Whatever may be said of the little city across the 
Charles and Mystic, Chelsea, Eng., is beyond all rivals the most 
enlerprising electrically. On Manor Street is the plant of the Cado- 
gan Electric Light Company. Storage batteries made by the E. P. 
8. Co. are placed in each house supplied, the voltage 30, 48, aud 96 
volts is given by different numbers of cells. With an outpnt of 70 
amperes, from 35 to 140 are supplied in each house, and Aron meters 
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measare the current oonaumed. It is intended to make uae oE the 
EdmuiidB* distributin)t; aygtem, wherein the b&tteriea iu conaumers* 
houaee lire divided in groups and charged a portion at % time, the 
switching Iwing effected by a small motor. The ayKt«m is unique, 
and, nnder the supervision of the managing director, J. S. Safer, tatty 
snppiant earlier systems. I'he " Leeds " dynamos give 400 Totts 70 
amperes, have Gramme riug armatures and run at 800 revolutions, 
and are belted direct to Armiugton and Sims engines, 50 horse-power 
bniit, as well as the dynamos, hy Greenwood and Batley. 

Tears ago in England all large powers were transmitted by gear- 
ing, and it was thought impossible to use belts. This prejudice had 
exercised |^eat influeDce in tbe introduction of direct coupled endues, 
and has almost entirely prevented the use ol leather belting. So, iit 
this station the leather belts and Atnericau engines and boilers of the 
Babcock and Wilcox type reminded one of home. In this station 
boilers, engines, and dynamos are in one large room. Tliree sets of 
accumulators. A, B, and C, of nine cells each supply 66 amperes for 
exciting the field magnets of the dynamos, and are chained at the 
same time they energise the fields. The Worthington steam pumps, 
in fact, everything, i« American except the dynamos and cable*. 
The cables are composed of 19 strands of No. 14 wire, with double 
rubber insulation, and suspended from iron fixtures on housetops and 
a few poles. Tbe length of the three drcuita is 9 miles, 1000 yards 
being under ground In plain iron pipes. Engines are started at 6 a. m., 
and stopped at 9.80 P. u. One circuit is charged in tbe morning, 
second in the afternoon, third in the evening. Three thousand lights 
are connected, and an increase ordered. $12.50 per year per light is 
charged in bar-rooms, (6.25 for private homes, or by meter at 15 cents 
per unit. The iron alack, stayed and guyed as if to last for a century, 
must be tt^en down in two years, and a brick one built. Iron stacks 
or chimneys are not quite English. Coal used is the beat WeUh 
emokeless, and coata 23 shillings per ton. The cella always contain 
two days' supply, but are charged to the gassing point daily. Suh- 
ttatious of batteries will be placed in stables behind the best houses, 
sufficient quarters costing. $75 per year. The overhead wiring is well 
done, the cables supported by leather from galvanized wires attached 
to glass insulators. 

The Chelsea Electric Supply Company has adopted a system of 
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sub-storage Btatione, the ioventor heinf; Mr. King, of the E. P< S> Co. 
The main generating and storage station is at Draycott Place, Cado- 
gan Terrace. The dyoaniog are bnilt b; the Anglo- American Brush 
Company. There is, as it were, a sub-station of accumulators in the 
same building. In the batterj' room there are 3 tiers of cells, in all 
12 sets of 54 cells each. The cells are glass io wooden trays lined 
with sawdust. The boses rest on glass insulators coutaioiDg rosin 
oil. Each cell weighs 200 lbs., and is supported on wooden cross- 
pieces fixed to iron uprights. The regular discharge is about 60 
Amperes for 9 hours. Two sets run 3000 30-watt lamps of IS caudle- 
power. Traveling cranes assist in changing ceils. The mains are 
laid under the sidewalks at the curb. Several sub-stations are under- 
going construction, one was in operation at the time of my visit It 
is situated ia a stable at Clayton Mews. Eight sets of 53 cells each 
are attached to 2000 30-watt lamps, aud furnish a constant and sa^s- 
factory supply of current Ventilation is effected by a fan driven by 
a 1-3 horse-power motor, but is seldom necessary. The feeders are 
at times automatically joined to C. E. M. F. cells of plain lead grids. 

In such a station the batteries are divided into two parts. When 
the engines start, one set is supplying current for day consumption, 
the other is thrown into circuit and is charged, then switdied onto 
the mains, and the second set is switched on the dynamo circuit and 
charged, and when this is completed it is pnt in multiple with the 
first set and begins to discharge. This is accomplished before the 
heavy lighting begins. Tbe cells are cut out of the charging circuit 
automatically, when charged, by a master cell from which the gas 
evolved raises a gas-holder and makes contacts that allow current to 
move switches. The regulating devices are exceedingly ingenious, 
and though somewhat complicated work well. A great future is be- 
fore this system if, as seems likely, it stands the test of actual work 
for a long time. The E. P. S. Co. gi^arautees the celts to have less 
tban 12 per cent depreciation. 

House lighting in England is considered of tbe first importance 
in central station work, and the " House to House " Electric Light 
Supply Company has done good work in several cities. Its station at 
Brampton is a model one. It is designed for 12 complete sets of 
plants of which 3 are now runuing. Babcock aud Wilcox boilers are 
used, connected by copper tubes to the main stevn pipe of welded 
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Meet. Copper tube for the entire steam piping is common practice in 
Enginnd. The temporary partitton of corrugated iron at the eod 
will give room for nine more boilers \o addition to the three now in 
use. The chimney is large enough for six. All exhaust piping laid 
uuder the floor is large enough for 12 boilers. The three engiues are 
compound aoD'Condeosing of the Corliss type, and belted to the 
dynamos by seven eeparate ropes. They are steam jacketed^ and with 
140 pounds of steam develop 250 to 300 borse-power. 

The Loffrie-Parker dynamos have revolving fields and stationary 
armatare and make 350 revolutions, producing 00 amperes at 2000 
volts. The exciters are driven from a email counter on the armature 
shaft. The detaila of this system are nell worked out. Tbe dynamos 
are often run in parallel, a feat not attempted elsewhere. To deter- 
mine when two dynamos are in step a lamp is connected to two secon- 
daries in series, the primaries being one in the circuit of each machine. 
When the phases of the two dynamos coiucide tbe lamp bums brightly, 
UHt the switches are then thrown. The mains are under ground, of 
stranded wires insulated with india rubber. 

Ail of the BtatioDs described thus far in London are removed from 
sspplies of water for condeusing purposes, and where coal of extra 
quality must be UBe<l to prevent smoke nuisance. To attain the high 
d^ree of economy in condensation, to avoid the expense of carting 
eoal, etc, the London Electric Supply Company located a station at 
Deptford, Ave miles from the city, to which a current of 10,000 volt 
alternating will be carried in concentric cables running by the viaduct 
of the South Eastern Railroad and the Underground Railroad to sub- 
stations at Charing Cross, etc, and there transformed to reduce the 
pressure from 10,000 to 2500 volts, whioh is distributed by uoder- 
groand mains in bitumen conduits to consumers, and again converted 
to currents of 1 00 or 30 volts. So gigantic an experiment as this was 
not eutered upon by chance. A small station in the basement of 
Grosvenor gallery became a success a few years ago when Mr. Fer- 
rsati's system was adopted. Over 30,000 lights are run from this 
station. The mains are overhead on housetops. The E. M. F. em- 
ployed is S500 volts, so that the Deptford installation is not wholly 
eiperimental. The saving in the cost of coal is as 32 shillings to 8 
sfaiiliugs 9 pence, or as from $6 to $5.50 to £2.18. The engines now 
operating are upright marine compound condensing Corliss, working 
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at 160 to 200 poDDda pressure. Condensation ia not yet provided for. 
The Thames water or sewage ie very dirty, und it is necessary to go 
out 200 feet from the dock at low tide to find water, at which a mad 
beach extends 76 feet from the wbarf, — a mud beach so soft that 
vessels are not injured by resting on it. 

The compound cDgines and exciters would for a small lown be a 
large plant. But the large dynamos recently started are 30,000 light 
machines, and these are small compared with the monsters in process 
of construction. They will weigh 600 tons. The armature will be 
42 feet diameter and the frame 45 feet. The speed will be &0 to 60 
revolutions. These engines being two of 10,000 horse-power to each 
machine directly connected. The crank shaft alone will weigh 26 
tons. 

The boilers of Babeock & Wilcox type, by means of forced draft 
obtained from blowers driven by engines under boiler room, are 
capable of generating 800 horse-power each. The gases from the 
furnaces pass at will through economizers to a ] 30-foot stack. When 
finished in two stories there will be 48 boilers. Railways connect 
every part of the works and yard. The engine room has two lai^e 
overhead cranes. There is a. 50-ton crane at the end of the wbarf, 
and a d-ton crane is tnounled on a platform car. 

The quality of incandescent light in London is inferior. The 
light is not steady, never above candle-power, but of a dull red color, 
and is often referred to by envious gas engineers as 4-watt red-hot 
hairpins. The expert, the bane of all electric companies in the 
United States, has a cousin in the engineer. They are of the same 
class as the experts, only they know less. The height of their am- 
bition is to become " attached " to the staff of some noted engineer, 
and superintend or direct practical work without ever learning it by 
hard work and experience. Engine drivers earn 30 shillings a week ; 
they are little more than oilers ; fitters keep machines in repair ; steam 
engineers overlook all this work ; the engineers of the staff oversee 
the steam engineers, and the engineers in chief receive the salary and 
get the honors. Manual labor is deemed menial, and young men of 
the middle class shun it. 

At the close of the paper a lai^ number of views of the Lon- 
■ don stations were projected on the screen. 
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MEETING 404. 
The Engineering' Bailding. 



The 404tb and annual meeting of tbe 8ociETt ov Arts was 
held ia the Eagineering Building of the Institute on Thursday, May 
8th, at 8 F.H., President Walker in tfafa chair. 

After the reading of tbe revordB of the previous meeting tbe 
report of the Nonjinating Committee was presented, and officers were 
elected for the ensuing year. 

The report of the Executive Committee was read and ordered 
placed upon the records. Tbe President then announced the subject 
of the evening to be the New Engineering Building of the Institute, 
and introduced Prof. F. W. Chandler, who described the architectural 
features. 

Prof. CflANDLEB said : The Engineering Building of the Insti' 
tute of Technology ia built on Trinity Place, a short distance from 
the other buildings of the Institute. Tbe structure measures 1 48 feet 
by 52 feet, and baa six stories. Its height of 85 feet is the extreme 
limit allowed by the building laws when a wooden oonstruction is usedi 
Its position on the lot was very carefully considered in regard to 
future additions to the south on the property of die Institute ; and, by 
mutual agreement with tbe abnttore, there will always be a clear area 
of 30 feet to the north. 

The scheme of the building is what is known as modern mill con< 
etructioD. - A row of cast iron columus, placed eight feet from center 
to center, runs lengthwise of the building, giving spans of twenty-four 
feet from column to wall. The strength of the brick wall is conceU' 
trated in buttresses opposite the columns, and thinner walls unite themf 
and because these thinuer walls are not necessary for the stability of 
the building, the greater part of this space is occupied by windows, 
the heads of which extending between tbe beams, as there are no 
ceilings, to the underfloor gives that high light which is the most 
effective in lighting a large room. A pair of sontbern pine beams 
extends from each column to each side wall. These doubled beams 
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are in all cases bolted together with eight f-inch iroa bolts to each 
pair, leaving a space of one inch betwe«n tor ventilation, kept open by 
iron ffaahera. The beams are framed to fit snugly around the colutnos, 
and the ends of the abutting timbers are fastened together bj doga of 
J-inch iron, the ends of which are turned down and driven into holes 
in the beams. These timbers are also fastened at the under side by 
lag screws through the caps of the columns. The other ends rest on 
cast-iron plates one inch thick, and are carried into the wall eight 
Inches, and one inch of air space is left ubout the ends for ventilation. 
To tie these beams to the walls a one-inch bolt is put through each 
pair of beams eight inches from the wall, and at the same time through 
the eye of another one-inch bolt which lies between the timbers, the 
nut end being on the outside of the building, and pressing against a 
cast>iron washer. Across these paired beams are carried plank under- 
floors of spruce, four inches thick in the basement and three inches 
thick elsewhere. These planks are laid with splines. The upper 
floors throughout are of maple and | inches thick. Between the 
lower and upper floors. In addition to the asbestos paper required by 
law, are three thicknesses of heavy deadening felt, and two of tarred 
paper. 

The constraction of the roof is like that of the floors. 

It does not yet appear by whom the slow-burning construction, 
as applied to mills, has been evolved, or when was first made nse of 
heavy timbers set wide apart carrying a solid floor. But for a long 
time after these floors were in use, even in Lowell, the roofs were 
bad either in form or structure until Mr. William B. Whiting, the 
Vice-President of the Boston Manafacturers Fire Insurance Ca, sug- 
gested the adoption of what is called the deck roof, coDstrnct«d like 
the floors, and the Engineering Building is a development of the 
Mutual Underwriters more than anyone else. 

The structure throughout is of unusual strength, for the aim was 
to have a building which should be sutBciently free from vibration 
when the heavy machinery was running in the basement, to admit of 
experiments being made there, requiring delicate meaearemeuts, and 
because the four upper floors were to be chiefly used for draughting 
rooms. The iron columns decrease in sixe from the one in the base- 
ment measuring 11^ inches in diameter with al^incbsbell to the one 
in the sixth story, 6 inches in diameter with an inch shell. The«e 
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columoe resting oo each other have their ends carefully turned in a 
lathe to ensure perfectly accurate bearings,— the head of one column 
having a seat couutersunk ^ inch to receive the foot of the oext coluniD. 
In the mill proper these columns are of wood, but, on account of the 
great weight to be carried in this structure, ranch valuable space could 
be saved by using iron. 

The beams of the basement floor measure each 11 inches by 18, 
those of the first floor 10 inches by 18, those of the second 7 inches 
by 16, and those above 6 inches by 16, and those of the roof 6 inches 
by 14. 

There are no boilers in this building, the steam for heating and 
for power is brought from the boilers in the basement of the Rogers 
Building, about a thousand feet away, through a six-inch pipe buried 
under ground. The pipe is first wrapped in asbestos, and for further 
insulation it is inserted in a wooden log. 

The heating system is partly direct and partly indirect, and with 
the indirect part ventilation is obtained by means of a Sturtevant 
blower. Nearly all the radiators have automatic valves, the tempera- 
ture of the room regulating the steam supply to the radiator. 

In connection with the heating should be mentioned that the 
window sashes of the north, east, and west sides of the building, and 
also a large skylight on the roof measuring SO by 16 feet, lighting the 
upper draughting room, are double glazed, making a great saving in 
the expenditure of heat. 

llie exterior deeigu is very simple, all effect being obtained by 
the principle of construction. The solid basement from which rises 
the long bbttresses or pilssters. connected at the top by semi-circular 
arches, and the upper story with its thinner wall forming an attic, 
describes the design. And it is effective enough ; it tells its story 
truly. The material is rough brick with a small amount of long 
meadow stone trimmings. 

A heavy block granite foandation rests on 725 piles, averaging 
40 feet long. AH the heavy machinery in the basement have their 
piled foundations distinct from that of the building. 

There can hardly be a more fire-proof structure. First, its isola- 
tion ; then there is not a concealed space anywhere, no furrings on 
the walls,—- the brick is the only finish, no ceilings, with its dangerous 
air space the depth of the floor joists, — the staircase is built open in 
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the same way, — the veiitiladon and heating ducts running from the 
basement oat through the root are of iroD. Water is od every floor, 
and the Btandpipe is carried to the roof. An iron staircase, built in a 
brick toner, runn to the roof to serve as Are escape. 

The building is occupied by the Mechanical Engineering and 
Civil Engineering Departments. The two lower stories are the labora- 
tories of the Alechanical Engineering Department, and this departmeut 
also has the tw6 middle floors, which are devoted to drafting and reci- 
tation rooms. The two upper stories contun similar rooms for the 
Civil Engineering Department, and the library common to both 
departmeute. 

The Laborltobies. 

Prof. Lanza was next introduced to describe the laboratories. 

Prof. Xanza said : These laboratories are now called the Engi- 
neering Laboratories, and the bailding is called the Engineering 
Building, because it is especially devoted to the engineering work of 
the school, both the general and the special. Thus, in its recitation 
rooms are taught the classes in mechanism, in thermo^vn amies and 
steam engineering, in hydraulics, aud in strength of materials, all of 
which may he called general engineering studio, as all these subjects 
are taught, to a greater or less ezlenl, to the students of civil, of 
mechanical, of raining, of chemical, and of electrical engineering. 
Besides this, all the drawing-room work of the students of these 
Connies is done in this hnilding, and all the purely professional work 
of the civil and mechanical engineering courses is carried on here; 
this including practically all the mgintering work proper of the above 
stated courses. Hence it follows that it is the building where the 
purely engineering work is done for all departments of the school. 

The Laboratories are really an aggregation of the following : — > 

1. A laboratory devoted to experimental work upon the strength 
and other resisting properties of materials used in construction. 

2. A laboratory of steam engineering. 

3. An hydraulic laboratory. 

4. A laboratory where other engineering experiments are made, 
but which is not yet sufliciently diSeren^ated to be divided into its 
component parts. 

The objects to be accomplished by these laboratories are the 
following : — 
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Firtl. To give the stadents practice in such experimental work 
M any engineer is constantly liable to be called apon to perform in 
(he practice of bis profession, — as boiler tests, engine tests, power 
detenninatious, etc. 

Second. To give the student* some experience in carrying on 
original investigations in engineering subjects with sacb care and accu- 
rscj as to render the results of real value Co the engineering community. 

Third. By publishing from time t« time the results of sucli 
inTesCigations. to add gradually to the common stock of knowledge. 

The two lower floors of the building are entirely devoted to the 
Engiueering Laboratories, thus increasing their capacity from about 
5,550 square feet, as in the Rogers Building, to abont 18,900 square 
feet. Cuts of these laboratories are shown here, and the following 
statement of the apparatus they contain is copied from the twenty-fifth 
Catalogue of the Institute : — 

" The laboratory for testing the strength of materials is furnished 
with the following apparatus. An Olsen testing machine of 50,000 
pouDds' capacity, for determining tengile strength, elasticity, and com- 
pressive strength. A testing machine of the same capacity for deter- 
mining the transverse strength and stiffness of beams up to 35 feet in 
length, and the framing-jointa used in practice. Machinery for the 
measurement of the strength, twist, and deflection of shafting while 
running and under the conditions of practice. Machines for time lests 
of the transverse strength and deflection of full-sized beams ; for test^ 
ing the tensile strength of mortars and cements, and of ropes; for 
testing the effect of repeated stresses upon the elasticity and strength 
of iron and steel ; for determining the strength and elasticity of wire ; 
for determining the deflection of parallel rods when running under 
different conditions. Also, accessory apparatus for measuring stretch, 
deflection, and twist. 

" The steam laboratory contains, — a triple expansion engine, with 
cylinders of 9 inches. 16 inches, and 24 inches diameter respectively, 
and 30 inches stroke, arranged in such a way as to be run single, 
compound, or triple, as desired for the purposes of experiment. This 
engine is of the Corliss type, and was built by E. P. Allis & Co. It 
will have a capacity of about 150 horse-power when running triple, 
with an initial pressure of 150 pounds in the high-pressure cylinder. 
It is connected with a surface condenser and all the other apparatus 
necessary to adapt it to the purposes of accurate experiment. 
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"This laboratory also coDtains a 16 horse-power Harris -Corliaa 
engine, and an 8 horse-power engine, used for giving instruction in 
valve^ettiDg, etc. It is also equipped with several surface coudensers, 
steam pumps, calorimeters, mercurial pressnre and vacnum columns ; 
apparatus for determining the quantity of steam issuing from a given 
orifice or through a short tube under a given difference of pressure ; 
apparatus for testing injectors ; and with indicators, plantmeters, 
gauges, thermometers, anemometers, and other accessory apparatus. 

■■ The engineering laboratories are also provided with a number of 
friction brakes ; with machinery for determining the tension required 
in a belt or rope to enable it to carry a given power at a given spee«l, 
with no more than a given amount of slip ; with three transmission 
dynamometers ; with a complete set of Westiughouse air-brake appa- 
ratus, including the parts belonging on the car and on the locomotive ; 
with cotton machinery as follows, namely, two cards, a drawing frame, 
a speeder, a fly frame, a ring frame, and a mule, as well as accessory 
apparatus. There are also available for the purposes of experiment, 
in connection with the work of these laboratoties, two horizontal tubu- 
lar boilers, one large Babcock and Wilcox boiler, and a Porter<Allen 
engine of about 80 horse-power, all situated in the Rogers Building ; 
also another boiler, a 40 horse-power Brown engine, a number of 
looms, and other apparatus in the workshops on Garrison Street." 

The most important addition to the equipment of these labora- 
teries is that of the triple-expansion engine, inasmuch as it is the first 
triple-expansion engine of a practical size that has ever been arranged 
for making experiments ; and by its means the laboratories are placed 
in a position which will enable them to do work for the triple engine 
of a character similar to that done for the compound engine by the 
United States Naval Engineers in 1874, and also to make such 
researches with a triple or a componnd engine as were made upon 
single engines by Him, Hallauer, and others. 

The laboratory with its present equipment furnishes the means, 
— 1st, of accommodating the number of students that now need this 
instruction, with an opportunity for some growth ; 2nd, of giving good 
laboratory instruction to the students ; Srd, of carrying on investiga- 
tions of importance in the engineering line. All this can be done, 
inasmuch as the building is adapted to the purposes of an engineering 
laboratory, — a fact which was never true of the Rogers Building. 
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The Htdradlio Laboba^tobt. 

At the close of Prof. LaaEu's remarks, Prof. G. F. Swain was 
introilucecl, who described the Hydraalic Laboratory. 

Prof. Swain said : The erection of the new engineering building 
of the Institute of Technology, to be occupied by the departuents of 
Civil and Mechauical Engineering, offered an opportunity for a con- 
siderable extension in the Engineering Laboratories, and an attempt 
has been made to improve this opportunity by laying the foundation 
for a laboratory for hydraulices:periments,wbich should be bo arranged 
as to permit of the carrying out of any experiments in hydraulics 
which it IE practicable to perform within walls. Hydraulic experiments 
on a large scale must necessarily be performed out of doors, since the 
measurement of large qnantities of water requires apparatus and appli- 
ances which cannot be accommodated within walls. Thus, the weir 
experiments of Mr. Francis, at Lowell, were made by taking the water 
from one of the canals, and using a lock as a measuring basin ; those of 
Messrs. Fteley and Steams, at South Framingham, were made by 
using a portion of the Sudbury River Aqueduct as a measuring basin; 
the orifice experiments of General Ellis, at Holyuke, were made in 
connection with the fall between two levels of the canal at that place; 
and the recent elaborate and careful experiments hy Mr. Freeman on 
the flow of water through tire hose, the discharge of noiiles, and the 
height of jets, were made at Lawrence, where the hydrant system of 
one of the mills, as well as the city water supply, could be made 

But while experiments such as these are clearly excluded from 
among those which can be made in connection with a hydraulic labo- 
ratory in an institution of learning, there remain a large number which 
can properly be conducted witbin doors with the aid of suitable ap- 
paratus, and which, though they may be on a small scale as regards 
the quantities of water employed, nevertheless oSer a large field for 
scientific investigation. The new laboratory of the Institute, as 
already stated, has been planned with a view to affording opportunity, 
as the work is extended, for carrying on any experiments which are 
thus practicable ; that is to say, in the following directions : — 

1. Experiments on the flow through orifices of small siEC, both 
free and submerged, and either sharp^ged, rounded, or fitted with 
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iiuide or ontside moatb-pieceB of various kinds, and under heads rang- 
ing as high as above seventy f«et. 

2. Experiments on the flow of water over weire of small size, 
either free or submerged. 

8. Experiments on the loss of head in small pipes of various 
kinds. 

4. Experiments on the loss of head due to bends, corves, valves, 
diaphragms, or other obstructions causiDg sudden changes of velocity. 

5. Experiments on the distribution of velocity in different parte 
of a liquid cross-section, either of a jet from an orifice, of a sheet dis- 
charged over a weir, or of a liquid flowing in a pipe. 

6. Experiments on different water meters, including Mr. Her- 
Bchet's Venturi meter, as well as the ordinary forms in the market, 

7. The testing of small turbines and of various other small 
motors. 

8. Experiments on the pressure of jets against plane or curved 
surfaces, and on the resistance of standing water to the motion of 
surfaces of different shapes through it. 

9. Experiments on the siphonage of traps, and on other matters 
connected with plumbing arrangements of hoases. 

The development of a laboratory which shall admit of experi- 
ments in all these lines must necessarily be slow and expensive, and 
the laboratory in the Institute, being only a few months old, is not 
yet fully equipped to carry on any of these experiments excepting 
those on the flow of water through oriUces. It is believed, however, 
that the foundation has been laid for the rapid development of re- 
search in the remaining directions which have been enumerate<I, and 
the object of the present paper is briefly to describe and illnstrate the 
apparatus thus far provided or proposed. 

In order to be able to work with large heads, and to be independ- 
ent of the city water supply, as well as to provide for the varied ex- 
periments enumerated, it was first necessary to erect a tank and 
standpipe. The tank is shown in Figure 1. It is made of " Shell " 
steel i inch in thickness, is 5 feet in diameter and about 28 feet high, 
resting on a concrete foundation and extending np through two floors. 
It consists of six courses of steel, with girth seams single riveted, and 
longitudinal seams double riveted, and with heads of ^incb steel 
dished, as shown in the figure. It is provided with orifices as fol- 
lows : — 
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In the lowest course, a msD-hole 24 incfaea by 12 iDches at M ; 
at P, a flanged nozele with elbow for coDoectiog to lOioch etandpipe, 
as shown in Figure lA. 

In the second coarse, a 10-inch orifice at G, a second at F, a 
third at D, and a fourth at C. The orifice at F may be used, if de- 
sired, for connecting with a small turbine placed below the floor. 
That at G is for esperimeDts on submerged orifices. Those at D and 
C are for experiments on free orifices, or for connecting lines of pipe 
with the tank. Enclosing the orifice at G, an angle-iron and two bent 
plates are attached to the side of the tank, as shown, to which a 
wooden tank extending horizontally and resting on the floor is to be 
attached. In this wooden tank will be placed a weir, and the water 
will flow through the submerged uriSce at G. or through a submerged 
mouth-piece, either inside or outside, and either converging or diverg- 
ing, and will then flow over the measuring weir. The orifice is 
fitted for experiments on free orifices, as will subsequently he de- 
scribed. The orifice D is to he fitted with a piece to which pipes can 
be attached as desired, thus enabling the losses of head at diaphragms, 
valves, curves, etc, to be studied. On the same level with the orifices 
D and G connections are made for mercury gauges. 

In the third conrse, a IJ-inch orifice at G" and another at C", 
nearly above the large orifices G and C. These small orifices are for 
the shafts of the hand-wheels for raising the gates over the large 
orifices, as will presently be explained. 

In the fifth course, orifices similar to those in the second course ; 
and in the sixth course, orifices simitar to those in the third course ; 
thus rendering it possible to carry on experiments simultaneously 
upon two floors of the building. The top of the tank is provided with 
a flanged uozzle for connecting with the 10-iuch standpipe, as shown 
in Figure 15. 

The siee of the tank is such that, with the orifices which it will 
be practicable to use, the velocity in the tank will be so small that it 
may be neglected, and the disturbance dae to the inflowing water from 
the standpipe will also be small. Nevertheless, two gratings have 
been arranged, one at the top and one at the bottom. These gratings 
consist of plates of ^-inch iron perforated by ^inch holes about an 
inch apart. They are made in three pieces, and rest upon angle-iron 
brackets riveted to the inside of the tank. The tank itself rests upon 
cast-iron supports, as shown in Figure 1. 
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The.general arntogement of tfae taak aod ataadpipea is gbowo in 
Figures 15 to 18. Figare 15 efaufra the plun of the aub-basemeDt, 
with the location of the tank, the rotary pump, and the eteam pump. 
The tank a is connected, as ghoiVD, hj the top connection e and the 
lower connection/to the 10-tncb wrougbt-iron atandpipe h, which, as 
shown in Figure 17, extends to the top of the building, and is closed 
at the top. The connection / is tapped by the amatl pipe g, by means 
of which the water may be drawn out of the system into tbe cistern 
h. The pumps take water from this cistern h and deliver it into pipe 
k. which, as shown in Figure 17, is arranged to carry it directly to 
tbe standpipe through the valve », at to the S-inch pipe e through the 
valve t For use in the hydraulic experiments, the valve s ie closed 
and the valve t opened, tbe water being thus delivered into the 8-inch 
pipe ee~ From this pipe the How into the 10-inch pipe is regulated 
by the valves n, which enable the head in the 10-inch pipe to be main- 
tained at an almost perfectly constant level. Any excess of water 
overflows through the pipes m into tbe discbarge pipe d. The pipe e 
therefore serves as a regulator of the bead, and it bas been found to 
fulfil its purpose admirably. Attached to the standpipe b, and ranaing 
from floor to ceiling, in each story, is a glass gauge placed in front 
of a gradnated scale reading to hundredths of a foot. These gauges 
are enclosed in wooden boxes, wbicb may be opened on tbe front and 
on one side, and wbicb are placed so as to receive light directly from 
adjacent windows. The water is taken by the pumps from tbe cistern 
h, passes through pipes it and e and through the valves n into the 
standpipe b, thence throngh the connection « qt f, or both, into the 
tank, from which it is discharged through orifices, or in any other way 
' desired, and tbe discharge measured. Measurements are made by 
weighing the quantity of water discharged in a given time, the water 
being returned to tbe cistern h, and thus used over and over again. 

The same apparatus, by suitable arrangement of tfae valves, will 
be employed in making tests of tbe pumps. 

The city water pipe is connected with tbe standpipe system at x. 

Tbe soil pipe dd is arranged with single and double Y's in a way 
which will allow tbe carrying out of all kinds of experiments on tbe 
sipbonage of traps, as mentioned under head 9 on page 138. This 
pipe is arranged with an ordinary trap at tbe foot, as shown in Figure 
16, and it discbarges into tbe cistern A, as shown in Figure 19. 
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The details of the arrangement for measurementa with Bimple 
free oruSces are shown in Fignrea 2 lo 14. In experiments of this 
description it is of conrae essential that the orifice shall be placed in 
a piane surface. It was therefore necessary to arrange the apparatus 
BO that the curvature of the tank itself should not affect the flow. 
For this purpose a composition casting a {Figs- 2 and 3) is drawn up 
to the tank by eight |-incb bolts, as shown in Figure 3, which are 
screwed into the bub of the casting. The greater part of the ousting 
is only ^ inch in thickness, with eight strengthening ribs, as shown iii 
Figure 2. In this casting is placed a piece, c, which is held in position 
by a ring-nut, dd, which can be screwed or unscrewed by a spanner. 
When it is desired to use Isr^ or long orifices the piece e will contun 
the orifice, and by having various pieces e, with orifices of different 
shapes and sizes, numerous experiments may be carried out. The 
composition casting a is thickened on one side to | inch, as shown in 
Figures 2 tlnd 3, to allow of the insertion of a sliding piece by means 
of which the horizontal dimension of a rectangular orifice may be 
varied, keeping the vertical dimension ooustant. When small orifices 
are to be used, it is not desirable to have them cat in as large a piece 
as the piece e. This piece c, therefore, as shown in Figure 3, is 
arranged to take a second piece, o, held in place hy a second ring-nut, 
(f. Small orifices are made in pieces like the one o, as shown in 
Figure 3, and are of different sizes and shapes. 

It is desirable that one orilice may be removed and another sub- 
stituted in its place without completely emptying the tank. For this 
purpose a gate is designed to slide on the back of the casting a, so 
that, when it is desired to remove one orifice, the gate may be lowered 
and the water thus shut oS, and a new orifice substituted in place of 
the old one. The gate may then be raised and the experiments con- 
tinued. This gate and the fittings connected with it are shown in 
Figures 4 to 14. Figure 4 shows a view of the gate from the inside. 
Figures 5 and 6 horizontal cross-sections, and Figure 7 a vertical 
cross- sect ion. The gate is of east iron, ribbed as shown, and is ar- 
ranged to slide in guides bolted at the bottom to the casting a, and at 
the top to the tank. These guides are shown in Figures 8 to 11. In 
order that the gate may be raised without having to overcome the 
friction due to the pressure of the water over the entire surface of 
the gate, the rod r, hy which the gate is raised, is attached to an 
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angte-iroD, L (Figs. 4 and 7). Wbeo the gale is to be nused from 
the position shonn in Figure 7, the angle-iron L is first raised aatil 
it strikes against the rib above it. This raising of L opens the orifice 
d, thus allowing water to pass through the gate, and equalizing the 
pressure on the two sides, except over the small ring forming the 
beariog surface, the friction due to the pressure on which is, there* 
fore, the onlj friction to be overcome. The discharge orifice may be 
meanwhile closed by a plug from the outside, if necessary. When 
the gate is lowered, its own weight carries it down until it reaches the 
stop 1. The rod is then forced down, closing the orifice d. Figures 
12 to 14 show the hand-wheel, shaft, and stnfling box. by means of 
which the gate is raised, and require little explanation. The rod 
shown in Figure 7 is in its apper part a rack running in the space r 
(Fig. 12). 

Only one farther point calls for ezplanatioii regarding the ar- 
rangement of the gate and stufiing box, namely, the mbdifications 
necessary for (he case of inside mouth-pieces. When such mouth- 
pieces are used, the gate as shown would of course be inapplicable, 
and a new seat must be provided for it, so that it will pass clear of 
the inside mouth-piece. It is intended to accomplish this by bolting 
on to the composition casting a (Fig. 2) a circular channel-shaped rib, 
and adding new guides for the gate, thus making its seat at any 
desired distance back of the inside face of the casting. At the same 
time, in Figure 12, the pinion will be removed from the position 
shown, and placed outeicle of the bearing, where the collar is shown 
in the figure, and the collar placed on the inside. A new guide for 
the rack will then he bolted on, as shown by the dotted lines. 

As the new engineering building has been occupied only since 
February, 1590, and the hydraulic apparatus is thus but a few months 
old, the only apparatus thus far in use is that for measuring the flow 
through simple, free orifices, and for making tests of pumps. It is 
hoped, however, that the remaining apparatus will be provided in the 
near future. The tank and the standpipe system already procured 
furnish the foundation, and upon them the other apparatus may 
readily be built up. Experiments upon meters and upou motors may 
also be carried out without difficulty ; and, in fact, the possible lines 
of research are so varied that it is hoped that the establishment of 
this laboratory may lead to many useful results, and that it may con- 
tribute in some measure to the advancement of hydraulic science. 
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Heating, Heat BEOOLATiKa, and Ventilating. 
At the close of Prof. Swain's paper, Mr. S. U. Woodbridge was 
JDtroduced, who deecribed the System of Heating, Heat Regulating, 
and Ventilating. 

Mr. WooDBRiDGE &aid : Thia bnilding is without interior walls 
other than light partitioos, and all available eiternat wall npace ia 
demanded for piers and windows. Locations were allowed for eight 
vertical flues (F) Fig. 1, varying from 9-tQ 12 sq. ft in cross-Beccion, 
for the sappl; and discharge ventilation of the thirt; and more rooms. 
The rooms were arranged by their intended Dsers with only partial 
reference to the filed location of flues, and connecting air ducts were 
disapproved as unsighclj. The great value of the basement floor 
space imposed a limit of 10' x 12' on the area to be surrendered to 
ventilating purposes. The use of the concrete flpor of the sub-base- 
ment for apparatus, above and about which the basement floor is 
removed, precluded the use of this space as a distributing air chamber, 
and compelled the building of a continuous duct about the perimeter 
of the sub-basement, with one cross duct beneath the fan and inU> 
nbich it discharges at A-A, Fig. I. The main duot, except where 
engine beds encroach upon it, is 15 sq. ft. in cross-eection. The cross 
dnct has nearly twice that area. The control of the air qaantities to 
be moved in one direction or another within these ducts is effected 
by movable deflectors, one under the' fan, and one at each end of the 
cross duct. Fig. 1. 

The perimeter ducts have for three of their sides the fonndatioa 
wall of the bnilding, the sub-basement concrete floor, and the wooden 
floor of the basement. The fourth side is of galvanized iron, secured 
by nailing to wooden strips set in the concrete and nailed to the wooden 
floor and beams. A free use of elastic cement was made in all joints 
between metal and wood, and of paint in all locked or other joints of 
the sheet metal, sod provision made for a possible settling away of the 
concrete from the wooden floor- 
To clear the laboratory ceiling and the floor space of alt possible 
obstructions and the unsightly appearance of piping, the steam muna 
and branches, traps, etc., ^re jdaced within the air conduits. All such 
steam pipes are carefully pitched and drained and covered. In spite 
of the latter precaution the temperature of the air in transit from the 
fan to the most remote flues is raised some 12°. 
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The eiglit vertical ducti &ra of neceesity made to serve the riuaf 
perpose o( supply and disehsfge. To adapt them to euch purpose, x 
diaphragm is fixed in such war as Co provide two channels having areas 
proportioned lo the quaotiiles of fresh and spent air to be moved 
through them to and from the successive stories, Pig 3. These dia- 
phragms are made of sheet iron, which is secured by methods effectn- 
allv preventing tbe leakage of air from the plenum iuto the exhaust 
conduits. Wherever practicable, the diaphragm is so placed as to 
remove the supply conduit from the outer walls, and to bring the dis- 
charge conduit against them. 

Because of the small space occupied by the entire system, veloci- 
ties of the air moved niQst he high. To secure to each register of the 
lower stories its proportion of air, and to prevent its goin|; by such 
register under the momentum of its movement, deflectors are used, 
the area of each and the angle at which it is set controlling the air 
volume issuing from each register. Similar deflectors, set in a reverse 
position, are used for the outlets from the upper stories. To 
thoroughly break up and diffuse the swift flow of cool air in solid cur- 
rent from the register, diffusers, such as are shown in Fig. 1, are used 
with gratifying auccess. 

The building acootnmodates some three hundred students, and the 
air supply is nearly 2,000.000 cu. ft. per hour, the fan running at 
330 revolutions. The students are massed now here now there in 
class rooms, drawing rooms, and laborauiries. Provision is made for a 
corresponding distribution orconcentrationof air supply, hut the results 
without sach alteration are so generally satisfactory that the valves are 
not used. Within the best filled rooms the largest proportions of 
carbonic acid thus fur fonnd are tdSsv ^ riiFev ^'^'^ ^^^ nniformity 
of the proportions In all parts of the rooms has been found exceptional. 

The warming is effected by three systems. Because of the large 
amount of steam work done in the basement, air must be supplied in 
lai^ quantities, and at a temperature ranging from 46'* to 65°, accord- 
ing to laboratory work and butside conditions of weather. The eight 
distributing flues cannot supply air to the several floors or rooms at 
differant temperatures. They must supply it at the temperature 
required by that room above the basement most easily warmed to the 
point desired. Therefore, it becomes necessary to provide means for 
supplying air through ohe system of conduits to the basement at, say 
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50°, and to all rooms above the buemeot st 70°, and to f«rth^ wann 
the air by direot means in saeh roi»us as require lapplementary heaL 

The air is faeated before it reaches the fan to 50°, a " Standard " 
metallic thermometer moanted in the faiv^ase indicating the temperar 
tnrei whieh ia controlled hj regulating the steam pre»8are in tbe oral. 
Id moying imder preMore through the gnb-foasement oondoits the ur 
leaks generouBly, as was anticipated, through innumerable sm^ 
vents, the current being no nhere sensible, though the aggregate 
volume amounts to some 760,000 en. ft. per hoar. Reaching tbe 
base of the fluee, the sir passes through steam coils so made and 
placed that the flue area is not obstructed. The control of stewn to 
these coils is by means of the Johnson electric regulating apparaioa, 
the thermostat beiug hung on a crane before the supply register on 
the third floor. Whatever the temperature in the sub-basement con- 
duits, dte air snpply to the rooms may be m^ntaiued at 70° or 72°, 
tbe range being confined within these limits by the automatic aodoQ' 
of the regulator. 

Within the rooms are placed wall steam pipes, the eteam supply to 
which is regulated by the Johnson automatic apparatos, tbe thermostat 
being exposed within the rooms. For the quick warming of tbe ■ 
building, tbe sub-basement conduit temperature may be run up to 100°, 
and the due thermostat may be swung away from the register front. 
Air at such times may be rotated through the building instead of 
being taken from the outside. 

The construction and arrangement of the auxiliary heater. Fig. 4, 
at the base of the flues is a matter of interest, because well suited to a 
successful working of the automatic method of steam supply. The 
steam enters at the top and through a valve so throttled that when the 
main conduit air is at its coldest the stetun flow wilt be nearly con- 
tinuous. The coil drains through a check valve. Without Buch an 
arrangemeiit the temperature within the flue would fluctuate through 
aconsiderableraoge, for on the wide opening of the supply and return 
valves steam would enter freely at both ends and suddenly heat up 
the coil and the flue. It is desirable that the steam flow should be as 
nearly coutinuous as possible, and sutficient in quantity to warm the 
air passing through the coil. If the supply-valve is throttled, the drip- 
v«lve must be closed until the pressure within the coil is sufficient, to 
force the accumulated water outward against tbe steam pressure. A. 
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throttled drip-valve wonld ftllow steam to baok into the oral and oanse 
pounding. Bat the oheck-valve holdi baok the iteain and allows the 
condensMion to collect nntil ita weight and the steam presaore com- 
bined force the valve open and Uie water onL The filling of the pipes 
with condensed water serves also the asefal purpose of automadcall^ 
reflating the length of their heated parts, and nds in muntsiaii^ 
the even temperature songht in the fines. 

The heating is for the most part done 1^ the exhaust steam ol 
engines and pumps osed in the batldiug, and to avoid the poasifailitf 
of returning oily water to the boiler the condensation is passed into 
the sewer. For the purpose of cooling this water, and of utilising its 
beat, it is passed through 800 feet of con^nuoua 1^" pipe, made into 
a trombone coit 38 pipes high, 7' long, and 3 pipes deep, placed before 
the inlet window, Fig. 2. In mild weather the condensation is so 
small that it goes to the sewer cold. When the outside temperature 
is low that of the chilled water is higher, the r&te of condenaation 
slightly exceeding that of the chilling. The maximnm rate of flow in 
severe weather is about I cu. ft. per minute. 

The fan and combined beater, with directly attached engine, is of 
the Stnrtevant pattern and make, with a large by-pass over the beater. 
"the fan is 6' in diameter, and at 2dQ revolutions per minnte supplies 
3^000 cu. ft. of air. Outside the inlet window a roaring sound of 
rushing air may he heard, dne to the high velocities inflicted on the air< 
in transit through the coil and fan because of want of space to give it 
larger passage and lower velocity. Within this sound is not beard,< 
partly on account of the noise of moving machinery. > 

The low pressure under whicb the beating system is worked and 
the irregular flow of condensed water, due in part to the intermittent 
BOpply of steam to the pipes, make the use of any ordinary steam trapi 
impracticable. The method adopted for the reliefiof the New Build- 
ing system having given en^re satisfaction, it has been adopted in this 
system also. It consists of a syphon trap made of a 4" pipe 18' long 
driveki vertically into the ground, bnsbed at the top and ta{^>ed at the 
side. Through the bashing runs a 2^" pipe to wiiiiiu I'of the bottom of 
thft lai^ pipe. This pipe is bushed at the top, tapped at the side, 
sud open at thehottom. The tap receives the water from the returns. 
The bushing receives a I" pipe* which drains the supply main at a 
highei^ pressure than the retaru, and runs inside the 2^" to within 1'. 
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of the bottom of the large pipe. Within the trap there may, therefore, 
be two pressures and two heights of water columns on the steam side, 
one vent discharging the water of both. The only resistance or fric- 
tion is that due to the flow of water through the large pipes. 

All steam for the building is brovght from the Rogers bniltUng 
through an underground 6" pipe, abont 1000' long. The water con- 
densed in the heating apparatus i* mMered, and the record preserved 
for the purpose of record and investigation. 

The cost of the complata instalment was nearly as followt ;— - 

Fan, engine, main coil (1000 square feet), cooler, dec, . . . $1445 
4580 sq. ft. of direct steam surface, flue coils, mains, litdngs, 

and placing, 4490 

Conacrnction of ducts and sheetriron work, 900 

Johnson's electric Hervice, 1355 

Pump, Locke's regulators, sunken siphon-trap, covering 

mains. &c., 1775 

Total, $9,965 ' 

The direct heating surface is as great as thongh the heating of 
the building depended solely upon it, as insuflicient boiler power 
threatened to make the use of the ventilating system impracticable in 
severe weather. Furthermore, if air is passed into the rooms at the 
temperature at which it is desired to keep such rooms, to maintain 
that temperature, the direct surface must be as large as would be 
required for heating by direct radiadon. 

The system is practically a dual one. the capacity of either part 
being enough for the heating of the building. The ventilating sys- 
tern includes the main heat«r, cooler, fan, engine, duct, supplement- 
ary healers, in flues. &c. Its cost may be put at t3500, and the bal- 
ance may be charged to the heating plant. The total heating surface 
is about 1 sq. ft.to llOpu. ft. of apace. 

Handicapped by the conditions imposed, the work is of interest 
not so much as an Hlustration of a perfect system as of what may l>e 
accomplisbe<i under difficulties. 

The following table puts the amtngements for the ventilation of 
the New Building in contrast with those for the Engineering Build- 
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Area of Inlet windows loe sq. ft SS sq. fL 

Area through steam coll, 190 " 80 " 

Area of Ihn mootii, 65 " IS.S " 

Area of fkn discharge, 160 " 19.9 " 

Area of floor occupied b7 Ad room and heat- 
ing chamber, 790 " ISO " 

Area of main heating coll, 9300 " 1800 " 

Area at fines for snpplf and discharge of air, 240 " 96 " 

Namber " " '* " " " " 88 " 8 " 
Air volame supplied, en. ft. per honr, . S.eoo.OOO* 1,9M,000 

Fan rcTolDtlons 80 to 100 2S0 

• In mild nather tU* <i Incnuad to S,«M,oaO.— flii nrolation 100, *nd lndlc*t«d boiM- 
pover expended IT. Tlw lu 1> now mn by u ladependoat engine, and nc* w bontotne 
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The Society of Artb, established in conformity with the plan 
of the MassachuBetts loBtitute of Technology, as set forth in the act 
of incorporation, April, 1861, held its first meeting on April 8, 1862. 

The objects of the Society are to awaken and maintain an active 
interest in the practical sciences, and to aid generally in their advanc- 
meni io coonecijon with arts, agriculture, manufactures, and com- 

Begalar meetings are held semi-monthly from Octt>l)er to May, 
inclusive, in the Institute Building ; and at each meeting communica- 
tions are presented on some subjects germane to the objects of the 
Society, as stated above. 

The present volume contains the abstracts of the communications 
made during the year ending October 1, 1891, moat of the business 
portions of the records being omitted. 

The thanks of the Society are due to Mr. Easlon Devonshire for 
the loan of the electrotype used in illustrating his paper on "The 
Purification of Water by Metallic Iron," and to Mr. A. £. Hunt for 
those illustrating his paper on "Aluminum." 

For the opinions advanced by any of the speakers the Society 
assumes do responsibility. 

LLNUS FAUNCE, 

Sec RET ART. 
B08IOK, Sept., 1891. 
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PROCEEDINGS OF THE SOCIETY OF ARTS 

FOB THE TWBNTT-NINTH YEAB. 



MEETING 405. 
GrenDtArix JSiAniana. 



The lOath meeting of the Societt of Arts was held at the 
lusdtute on Thursday, October 9, 1690, at 8. p.m., Prof. G. F. 8wain 
io the chair. 

Aft«r the reading of the records of the previous meeting, and the 
election of new members, the chairman introduced Prof. W. T. 
Sedgwick, of the Institute, vho read a. paper on ■* Crenothrix £Ub- 

Prof. Sedgwick said: The object of flltratioD is purilication. 
This, partial or complete, is also ordinarily the result of filtration, 
whether it be effected through longer or shortttr reaches of soil, as in 
the natural filtration of the ground waters into wells or springs, or 
through artificial sand filters worked either iutermittently or continu- 
ously. There are some cases on record, however, in which the filtrate, 
or effluent, thus obtained, instead of issuing pure and clear, and 
remaining so, has speedily become contaminated with an unsightly and 
sometimes ill-smelling vegetation of an unusual form and highly 
peculiar character, namely, a luxuriant growth of the " Well-thread," 
Orenothrix Kiihniana (Rab.), Zopf. A recent attack of this singular 
plant in the water service of Rotterdam, in Holland, and its presence 
in certain wmer supplies of Europe and America, serve to make it 
of special interest at the present time, particularly to those engaged 
iu the study of the principles of filtration. Crenothrix is interesting 
to the biologist also. Its striking habit of depositing the oxide of 
iron in its highly developed sheaths, and especially its vital dependence 
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upon certain salts of iron ; its size, perhaps the largest, among the 
bacteria, the amalleat of living things ; its faculty of leaving its out- 
grown shell, or sheath, after the latter has become a hiDdrance ; the 
history of its shifting fortunes for a recognized place among the lower 
fungi ; if» absence from water perfectly purified, and its occurrence iu 
water imjierfecily purified, by filtration; — all of these tend to sur- 
round Crenothrijc with peculiarities which excite the interest of the 
investigator. 

The immediate cause of the present paper is a resent Report 
upon this and other organisms living iu the under-ground portions of 
the Rotterdam Water Works, — a report published by Prof. H, De 
Yries of Amsterdam, the well known botanist, who has directed a bio- 
logical investigalioD, ordered by the authorities of Rotterdam, into 
the causes of an appearance of Crenothrii in the drinking water of 
that city. But ijuite apart from this recent attack, Creiiothrix: 
deserveH close attention for what it has done, and is still doing, else- 
where. Moreover, it is more than likely that the success or failure 
of the continuous filtration of drinking water may largely depend upoa 
our ability to forestall the development of Crenothrix in the effluent. 
In any event, we shall do well to bring together the facts that we 
have already at hand concerning Crenothrix, inasmuch as these are 
widely scattered, and accessible only lo specialists. 

Since Ehrenberg. the first biologist to bring the achromatic objec- 
tive to hear upon the micro-organisms, botanists have observed in 
various natural waters brownish thread-like vegetable forms of 
extremely simple structure. New genera and species were speedily 
formed to receive them, and even previous to 1 850 two of these genera 
were well recognized and known as Leptothrix and Hypheatkrix. 
The former was then described by Kutzing as consisting of very iten- 
der JUaments. free^ without hranehet and wtthotU iheatks, the latter of 
jilamenU, unbranched, but covered with ihecUhi. 

Our plant appears to have been first observed by Prof. Julius 
Kuhn in 18d~2, in a drain pipe leading from the reservoir of a garden 
in the vicinity of Bunzlau (Silesia), and was soon after named by 
Rabenhorst in his honor Leptoihrix Kilkniana. Under this title it 
appeared in Rabenhorst's ■' Algoe of Saiony and Central Europe." 
In I860, however, Rabenhorst briefly described it, in his "Fresh-water 
AIg»," as Hypkeothrix Kuhniana, as follows : " Hypheothrix Kvhni- 
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ana {Leptothrix Kiihniana, Rabenhorst). Scattered Hypheotlini, 
tnternoven either closely or loosely, contamiuated and colored with 
the oxide of iron. IVichomes (fiUnieitta) alighlly curved; pulely 
atruj^tttous; iiidisliuctly articulated; in places interrupted; having 
thick sheaths, foHed aod colorless. Diameter of the filaments 0.0001- 
O.OO012". Habitat, io drain pipes. First discovered by J. Kiihn."' 

Id March, 1870, Prof. Ferdiiiami Cohn, of Hreslau, received for 
microscopical examination samples of water from a well located in a 
district of the city notorious for typhoid fever. Aside from a not 
uucommon turbidity, these waters coutaioed small brownish yellow 
masses floating about in considerable numbers in flocks from one to 
two millimeters in size. After some time these settled to the bottom 
and formed themselves into larger flocks, which were found to be com- 
posed of the colorless filaments of an alga. The examination of fresh 
samples of water from the same well, and of'samples from other wells 
in and about Brestau, revealed the presence of the same organism, so 
that Cohn was convinced that it was "a form very widely represented 
in well waters," Moreover, since it appeared to belong to an entirely 
new genus and species, Cohn proposed to call it the Brunnenfaden, 
i. e., the " Well-thread," and, turning this into more technical lan- 
guage, he proposed to establish for it a new genus, Grenothrix. Finally, 
Cohu made a thorough study of the life history of Crenothrix, and, 
finding but one kind, in u'hicb there was also an abundant and peculiar 
spore formation, he proposed for it the specific name of polr/apora. 
These facts, and many more, arc recorded in his well-known paper on 
Crenothrix.' 

In 1878 there appeared in the Tegel water supply of Berlin, 
Germany, a serious contamination in the shape of a flocculent yellow- 
ish-brown substance, which, when the water was allowed to stand, 
settled to the bottom of the vessel containing it. The investigation 
of this contamination was referred by the government of the city, 
through Prof. Virchow, to Prof. Oskar Brefeld and Dr. W. Zopf, 
whose reports^ form an important contribution to our knowledge of 



> O. Bref«lij und W. Zopf. Rerlcht an den Huhen Mnglgtral dei SUdt Berlin Ub«r die 
Ton iluien angefUhrten Uiitenuchungen des TegeleT M'aseers, BeTlln, 1ST9. W. Zopf, Eotr 
wiclielungagcwbichtllche UnteiBnchnng dar Crenathiii poljBpoiH, Die Unaclie der Ber- 
liner WiuaeTcaluniUl, Berlin, 1S7B. 
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Creoothrix, asd are eepedatly iutereBtiog aa a study of the first 
"water calamity "of magDitude in which [he evil waa definitively 
traced to this organism ai a cause. Examination »oon revealed the 
fact that the yellowish- brown flocculent masees were composed chiefly 
of Crenothrix. This was especially abundant in the reservoir, thongh 
present in tbe water of all the wells from which the supply was 
derived, as welt as in the service pipes in the city itself. The report 
was summed ap as follows : " The principal part of the contamination 
is Crenothriz, which live* in the water as its natural soil, and, by 
means of invisible germs, is able to develop and multiply, thus pro- 
ducing visible masses." The water of the lake (Tegel) itself, from 
tbe surface and from various depths, was free from Cfenothrix, as 
was also the superficial layer of the lake bottom ; but in numerona 
wells in Berlin and elBenhere, in the reservoir at Chariot tenburg and 
in other water works, as 'well as in nnflltered water from the river 
Spree, it was foood in more or les^ abundance. Examinations of tbe 
soil showed that " the diairibution of Crenothriz in the ground is not 
merely superficial ; on the contrary, ice germs are to Vie found in water 
taken from the most various depths." Accordingly, the conclusion 
was drawn that " there is no reason to suppose that water drawn from 
a considerable depth would remain free from this contamination, since 
the germs of Crenothrix, which inevitably have access to such water, 
must, in all probability, develop in such wells, reservoirs, or pipes ita 
cbaracteristic flocculent vegetation." Inasmuch as it appeared to be 
completely removed by filtration, it was, however, concluded that ''a 
degree of clearness and purity which constitutes an effectual removal 
of the contamination " can be thus obtained. 

In the course of his microscopical examinations — chemical analy- 
ses unfortunately are wanting — Zopf detected Crenothris in the 
water supply of Halle, and this organism was in turn identified by 
Prof. Elihn of Halle as the same which he had originally discovered 
in drain pipes at Gnadelrarg, near Bunzlau, in 1852. Thia identifica* 
tion was further confirmed by comparison of the Crenotkrix polf/tpora 
from Berlin and Hallo with dried apecimena of Ifypheothrix {Ltpto- 
ihrix) Kahniana of Rabenhorat. Accordingly, in hia paper upon 
Crenothriz (op. cit.), Zopf suggests that in future this plant be known 
as Crenathrix Kiikniana, Rabenhorst. This name, together with that 
of Zopf, who, as stated, hax identified Grenoihrix with Hypheotkrix 
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Kiihmana, Rub., is adopted by the editors of the latest edition of 
Rabenhorat'g '• Krjp toga men-Flora," Id nhicl) it is described provis- 
ionally under the genus Orenothrix. Cobn, as Creniytkrix Kuhniana 
(Rabeiihorst). Zopf.» It is also believed hy Cohn and by Zopf thut 
Raillkoper's PalmeiUnaJlocealoia, detected in certain wells in Munich 
(Zeit. fiir Biologic, Bd. I.), is a special form of tlie same plant 

In 1879 Zopf found that Crenothrix had been reported only in 
a single German province, namely, Silesia. Kiihn, Cofan, and Kirch' 
□er bad reported it in that province alone, and only from drains, welts, 
and springs. Brefeld and Zupf found it abundant also in Brandon* 
burg and in Sasooy. Prof. Kuhn found ao much of it in the Halle 
water service that be recommended resort to new wells in a different 
locality as a source of the public supply, from these and other cod- 
sideratioos, Zopf waa led to suspect that Crenothrix would be found 
eventually to be much more common than had been supposed hitherto. 
To this opinion he was led not only hy the fact of its abundance in 
ground waters ae far apart as those of Ureslau, Berlin, and Hallt;, but 
also because of his discovery of Crenothris in the unfiltered surface 
water of the river Spree. Zopf's suspicion of the wide distribution of 
this organism Has been fully justified. It is now so well known and 
so much dreaded in Europe that De Vries, in his recent paper, has 
called it '* the pest of water works." 

In the United States Crenothrix is probably also common. It 
is only recently, however, that its presence has been widely recog- 
nized, and Wolle, in bis " Fresh-water Algte of the United States," 
published in 1887, refers to it as follows (p. 294): " We are not aware 
that the plant was recognized in this country until recently. 1886. It 
was found in somewhat limited quantity near the inlet to Lake Cha- 
tauqua. New Vork, whence part of the water supply to the uity of 
Jamestown, N. Y., is taken." It appears to have been brought to bis 
Dotice for the first time by Mr. George W. Rafter, who had detected 
it in abundance in the water supply of Jamestown, in 1886.^ It was 
also observed by Mr. G. H. Parker, Biologist to the State Board of 
Health of Massachusetts, in 1887, in the water supplies of Brookline, 
WaterUiwn, and other places in Massachusetts, and it is now known 

< Krjptogamen-Flonk, Zte Aaflage, Bd. 1. p. ST, LelpBlg, ISM. 

> O. W. Ratter, On (b« FTeih-HHter Algs, snil tbelr K«lstion to the Pnrlt; of PmbliB 
WaWr Bopplie*. Trana. Am. Soc. CiTil Englnmn, Vol. XXI. p. 497, Dicamber, 18M. 
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to occur commonW throughout the State.< In some cases it causes 
great auno.vance (as, for example, in the Wayland water eupplj'). while 
in other cases (as, for instance, in the Brookline supply), although it is 
present in small quantities, it dues not appear to be noticed by the 
consumers of the water. 

From the facts already reported it is clear that Creiiochrix has 
usually appeared in ground waters, although it was detected by Zop£ 
in the river Spree. Brefeld and Zopf also conclude that it is able to 
live in the earth itself, and is actually present in the ground even to 
a great depth (60 feet). So far as I am aware, there is no case on 
record in which Crenothrix has givon trouble in any purely surface 
water supply. It was found by KUhn in drains : " 1 have found the 
plant in drain pipes in great quantities. It can, by itself alone, choke 
up drain pipes if these are too small in caliber in proportion to the vol- 
ume of water. Drain pipes which run full for a long time are in 
danger of beini^ choked by this plant if the quality of the water favors 
its development.''^ It was detected by Cohn in wells and springs; 
by Zopf in wells, reservoirs of well water, and in one case in a river, 
but was absent from the Tegel Lake and from filtered Spree (river) 
water. It was discovered by Rafter in the Jamestown, N. Y., supply, 
which is derived partly from wells and partly from Cliatauqua Lake 
through a couduiL This conduit is about two miles long, passea 
through a swampy region, and is probably not perfectly tight, as it ia 
said to have been "loosely constructed." Its occurrence in Massa- 
chusetts is usually in water derived from wells or " filtering galleries," 
as, for example, in Brookline. Watertown, and Wayland. 

Id all of these cases we are obviously dealing with Altered water, 
since the waters of springs and wells are usually only surface waters 
naturally filtered. As slated above, however, Brefeld and Zopf were 
led to believe that filtration offers " an effectual removal of the con- 
tamination." This is pro]>ably true, so far as a removal of the 
unsightly flocculent masses is concerned. But inasmuch as the source 
of Creuothrix appears to be sontehow or other connected with iiltra- 
tion, as is indicated by its almost exclusive occurrence in great ijuanti- 
ties, in ground (i. e., in filtered) waters, it is likely that this remedy 

I NLneleetilh Ananol Beport, Statn Board of Haalth of Uauachnsetta. pp. S3-94, Boaton. 
■ Quoted b; Zopf, fiom a Istler wrlu«n to him bj prof. Kuhn. Zopf, op. cU., p. IS. 
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would be in some cases merely a temporary one, particniarly as the 
germs o( Crenoihrix are small enough to pass through many fikering 
mHteriala. On tbe other hand, it is not unreasonable to suppose that 
the filtration of a surface water free from Crenothrii — inasmuch as 
by this operation such a water is virtually converted, more or less 
completely, into a ground water — may, in a certain number of cases, 
BO alter the original composition of the water that it can support a 
lusuriaut vegetation of Crenothrix. It appears, moreover, that this 
cooditioD, with disastrous consequences, has in fact already occurred 
in some cases ; and since this involves an unforeseeu obstacle in the 
theory and practice of sand filtratiou upon a large scale, it cannot be 
too carefully considered. ^ 

The most noteworthy case of this kind is that already referred 
to as having occurred iu Rotterdam, Holland, in 1887. and later. It 
is fully reported in an admirable paper by Hugo De Vries, Professor 
of Botany in the University of Amsterdam.' What immediately fol- 
lows is taken almost literally from De Vries's Report. 

The Water Works of Rotterdam draw their water from the 
Maas, and clarify it by means of sand filtration after most of the sedi- 
ment of the river has settle<l on standing. 

Since their establishment, in 1874, these works have furnished 
a clear and sutficiently satisfactory water, until suddenly, in the spring 
of IS87, the so much dreaded Crenothrix Kukniana ap|)eared in great 
quantities. This unfortunate phenomenon coincided with a consider- 
able enlargement of the whole service. In 1886 thirteen new filters 
were made ready and put into use, having sixteen thousand square 
meters of surface, while at the same time the eight old ones, having 
an area of eight thousand square meters, were disconnected. 

The building of a new engine-house was in progress, but the new 
reservoir for filtered water was not yet ready, and the filtered water 
from the new filters had meantime to be conducted through the old 
conduits and the old reservoir to the old pumps. This estensive 
enlargement of the establishment was a consequence of the annually 
increasing consumption of water in the city. The original establish- 
ment (1874) was based on an estimate of a daily consumption of at 



u jKhre ie»T, pp. l-N), Jean, ISM. 
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most five thaneand cubic meterB. In 1687 the daily cod Hum ption bad 
reached a maximum of forty-three thousand cubic nielera, and in 1889 
oi about fifty thouBftud. For eeveral years previous the maoagemeDt 
bod labored under an excessive demand, which neither allowed t^e 
river water the requisite time for depositing its sediment sufficiently, 
nor permitted the basins aud conduits to be cleaned properly from 
time to time. The attack of Crenothrix referred to above was as 
unexpected as it was sudden and severe, and the behavior of this bac- 
terium in the water supplies of other cities aroused the fear that it 
would soon attaiu a far greater development, and would afiect the 
purity of tlie water. 

in order to avoid this dagger, as far as possible, in the summer 
of the same year in which the Crenothrix had appeared in a threaten- 
ing manner, a Commission was appointed by the city authorities, and 
requested to investigate scientifically the cause of the pheuomenon, 
and, if possible, to recommend methods which should prevent an 
increase of the evil, and finally secure complete immunity from it. 
This Commission worked under circumstances which facilitated to aD 
unusual degree a thorough scientific study of the problem. The impos- 
sibility referred to of cleaning all basins and conduits in a suitable 
manner had allowed the vegetation in them to develop to an extent 
seldom witnessed by investigators. At the same time, the new filters 
and couduits lately put into operation served for comparison. 

After the work of the Commission in the winter of 1887 and 
1888 had been finished, several questions still remained whose solution 
was desired for the com|]leteness of the study. The continuation of 
the works on the new building, and especially the cleaning of the old 
basins and conduits, in 1889, aSorded this opportunity. 

For the microscopical investigations, which were conducted by 
Prof. De Vries and Dr. Dupont, a little laboratory was fitted up in 
the water tower which supports the high reservoir, and in the base- 
ment of which is the reservoir uf unfiltered water. This laboratory 
enabled them to investigate at once, tor the most part, the samples 
taken from the basins and canals, and to observe the remarkable plant 
and animal life of the under-ground conduits, etc in full activity. 

Afier these introductory observations De Vries divides that por- 
tion of bis report which deals with Crenothrix into seven sections, 
which well illustrate the scope of his paper, as follows: — 
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1. Crenothrix KUhniana, the Pest of Water Works. 

2. The Appear&nce of Creoothrix iu the Cit; Water Works in 

1887. 
8. The Vegetation in the Maas and in the Open Baains {of 
Unfiltered Water). 

4. Inveatigution of the covered Conduits of Unfiltered Water. 

5. Biological Con side rations concerning the Life in dark Reser- 

6. Crenotliriz in the Reservoirs of Filtered Water, 

7. The Danger of Contaminatioa of the Water before Filtration. 
Tho first section affords a convenient summary of our knowledge 

of the life Ifistorv of Creuothrix as worked out by Cohn, Zopf, and, 
for a closely related form, still more recently by Winogradsky.' It 
will be observed that Crenothrix is no longer considered to be an 
alga, but, instead, a fungus (Schizomycete), or one of the bacteria. 
Besides, it is included by Winogradsky as ooe among several giant 
bacteria which agree in a peculiar habit of acquiring iucruatatioDS of 
ferric oxide in or upon their sheaths. This habit of Crenothrix and 
other forms was observed many years ago ; and Zopf was led to 
believe that the existence of the plant is absolutely dependent upon 
the presence of certain salts of iron. In this he has been confirmed by 
Winogradsky, whose designation of such forms as the " iron bacteria " 

De Vries continues as follows : — 

The iron bacteria are the largest forma in the whole group of 
bacteria. Although their cella are invisible to the naked eye, they 
are so united, end to end, as to form threads, or filaments, which in 
turn tend to make " flocks," or masses visible to the naked eye, often 
a millimeter and sometimes a centimeter or more in aize. 

A good hand lens reveals the structure of the flocks very clearly, 
but for a complete recognition of the character of the organisms a 
microscopical examination is required. This shows that the cells 
camposirg the Hlaments have, for the roost part, a cylindrical form. 
The whole filament is enveloped by a sheath which is at first thin, 
but gradually increases in thickness. The most striking and the 
most characteristic property of the iron bacteria is their power of 
depositing in thia sheath the oxide of iron (ferric oxide). Entirely 

' S. WiuDgmUkf, Uebw SlKobmcterlen. BoUdIkIu Zettnug, Bd. XLTL (ISSS). p. UM. 



n,g:,.-,;dtyGOOglC 



22 Proceedings op the Society of Ahts. 

colorless and transparent at first, they gradually become pale yellow, 
and then darker, until fioally they are deep brown. At the same time 
their coDsistency is altered. They are at first flexible and soft, but 
gradually become hard and brittle. The thick, hard, dark bronii 
sheaths are then no longer adapted to the life of the enclosed celle, 
and sooner or later are abandoned by them. The cells push them- 
selves in single file out of the end of tiie sheath, or sometimes, partly 
sidewise, through chinks Id the sheath. ■ In the latter case, the thread 
appears to branch; in the former, the escaped bacteria continue the 
old sheath, and the new parts speedily undergo the same transforma- 
tion as the old, whereupon these also are in their turn forsaken. Id 
this way long and occasionally branched sheaths are formed by a com- 
paratively few cells, and the older, lower cells in the filaments compos- 
ing the flocks are thus found lifeless and empty, with ouly their tips 
still living. A comparatively slow increase of the bacteria may thus 
be accompanied by a relatively large sheath formation. 

These organisms form their ferric oxide from the dissolved iron 
salts of the water, and especially from the most widely distributed of 
these compounds, the ferrous carbonate. Without soluble ferrous 
salts, their life cannot long continue. They thrive best in those waters 
which contain iron rust in the presence of organic matter, since in 
such waters the formation of ferrous carbonate is incessant. In all 
probability, the oxidation of the ferrous to the ferric oxide forms an 
important part of the vital processes of these cells, and the brown 
substance deposited in the sheaths is to be regarded not as the refined 
product, but as the dross of the operation. In colorless sheaths which 
had been abandoued, in spots, by their cells, Wiuugradsky observed 
that the yellow coloration occurred -only where the cells lay. Around 
the empty spots the sheath contained uo ferric oxide. Equally ineffec- 
tive are empty sheaths, or such as contain only dead cell^. 

Soluble ferrous salts form, therefore, an indispensable condition 
for the welfare of these organisms. In other respects, however, they 
are very easily satisfied. They are nourished partly by the ordinary 
sails dissolved in water, and partly by dissolved organic substances 
which originate in the putrefaction of vegetable and animal remains. 
On the other hand, traces of such compounds appear to suffice for 
them. Winogradsky cultivated them in a water to which only O.OOo 
to 0.01 per cent of calcium butyrate or sodium acetate bad been added. 
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Fortunately, the normal content of our drinkiog waters in organic 
mattera is insufficient for their support ; and when such waters have 
been freed bv filtration from all suspended and decomposiua particles, 
they no longer form a suitable nutritive medium for these, the so 
much dreaded enemies of water works. Most natural waters, however, 
before filtration, are more or less favorable for the support of thc$e 
organisms. 

Among the iron bacteria, Grenothrix Kuhniana, or Crenotkrix 
polifspora, the only species of the genus, is the commonest and the 
most important form found in water works. It appears to he a plant 
widely distributed throughout the world, growing chiefly or liy prefer- 
ence in drain pipes, deep welia, and other badly lighted water cham- 
bers. Jt is due to its [>ower of extraordinarily rapid increase that it 
often covers, in a few months after the introduction of its germs, or 
after the conditions for its nourishment have become favorable, the 
entire walls of the reservoir, of the drain pipes or conduits, with a felt 
as thick as a finger, of which single jMrtions are soon sufficiently de- 
veloped to be swept along with every current as brown or blackish 
flocks. In this way it comes to pass that it is a real calamity in water 
works, making the water disagreeable far domestic use, and entirely 
unfit tor many industrial purposes. 

In order to comprehend more fully how such a sudden increase 
takes place, we must consider somewhat more closely the structure 
and the development of Crenothrix. Both have been extensively and 
thoroughly studied by Dr. W. Zopf, when the plant for the first time 
appeared in alarming quantities in a water supply. This was the case, 
as is well known in Berlin, in 187». 

The first method of multiplication depends upon the capacity of 
all the cells composing a filament, if they become isolated in any way, 
to develop each a new filament. When, for instance, the cells free 
themselves from their oid rust sheath, and, before they form a new 
envelope, are broken apart by the current or by a blow, obviously we 
have supplied the germ for one or several flocks. But besides this 
the plant possesses other methods of multiplication. In the thicker 
filaments the cells divide not merely transversely, as in the thinner 
threads, but also lengtJiwise. Thereupon each cell divides into two 
or four adjoining cells. These latter separate and form the so-called 
microspores. In a filament in which this process has occurred, as 
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Boon as the celU have left their sheath in the oeaal maoner, these 
microapores escape as innumerable entirely distinct masBes, which 
speedily become scattered in the water. Each microspore, immedi- 
ately alter Its escape, begins to diride. Division takes place in all 
directions, and a little clnster booh arises, composed of hundreds of 
cells. The sheath with which each celt envelopes itself changes in 
this case into a " slime " or jelly, which, however, becomes colored in 
the usDal manner with the oxide of iron. By means of this " slime " 
the whole mass is stuck or pasted to any part of the walls of the 
reservoir, or to any objects within it. After some time the course of 
development changes, and each cell of the cluster grows out into a 
filament. In some of these (he cells divide transversely only, and 
form the son^atled macrospores ; in others the abote descnbed micro- 
spores arise. 

The slime clusters, after they have developed into bundles of fila- 
ments, are the well known " flocks " of Creiiothrix. These latter 
arise, however, more (]uickly in other ways far more favorable for 
their diBlodgment. This occurs, first, when the microspores do not 
leave their sheath early enough, or when in this process some of the 
spores are left behind in the sheath. They then germinate inside the 
latter, and each, growing out into a filament, bursts through the old 
envelope. A whole bundle of such new threads can thus be connected, 
at their point of origin, by the old sheath. Secondly, there is often 
observed aii apparent branching in such a way that innumerable cells 
have stuck fast upon an old sheath, and there germinated. Flocks of 
this sort formed the bulk of this contamination in the Rotierdam 
Water Works. This sort of branching may be repeated so often that 
many flocks reach the size of a centimeter or more, as already stated. 
It is obvious that such masses may easily be broken off from their 
brittle stalks,— the old dead sheaths, — and so join the current of 

Every cell may, therefore, by successive divisions, develop a new 
flock. It foods are present in sufficient quantity, the divisions follow 
one another rapidly. Moreover, each little filament forms, again and 
again, new sheaths. From the most insignificent beginnings, a very 
extensive contamination of the water may thus occur within a short 
time. If we reflect, furthermore, how diluie are the solutions from 
which (his plant is able to manufacture its foods, and that it lives 
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<]uite as well in total darkness as in the davlight. it becomes clear that 
by all its peculiarities it is stampei! as a veritable pest of water works. 

The foregoing summary of the life history of Crenothris by De 
Vries is based upon the observations of Cohii, Zopf, and Winogradsky. 
Winter, in his systematic treatment of the Fungi,' places Crenothrix 
provisionally at the end of the 8chizomycetei, and gives the following 
brief characteristics of the genua : — 

'•Crenothrix, Cohn. Filaments cylindrical, transversely divided 
into cells, slightly thickened and club-shaped above, sheathed. In- 
crease takes place through the cells of which the filament is composed, 
which escape from the sheath and develop into new filaments. Bepro- 
diictif n by spores which are formed within the sheath through further 
division of the cells of the filaments. The s(iores either grow out into 
filaments directly, or through continued division form gelatinous 
colonies which later develop the filameuts." 

The species is characterized by Winter as follows : — 

"Crenothrix HiihniaHa (Kabh.), Zopf. Filaments occurring in 
whitish or brownish tufts, 1^^ i^ thick, at the end widened to f)-9 P-; 
ceils of the filaments of very unequal length. Spores 1~6 f in diame- 
ter. In wells, drains, etc. 

*' An often very troublesome fungus, since it contaminates water 
and chokes small pipes. The cylindrical filaments, slightly thickened 
and club-shaped above, are distinctly divided transversely into cells } 
these afterward separate from one another, hut even in that case soon 
become enveloped in a sheath which, colorless at the start, becomes 
yellow or yellow-hrown through the deposit of iron. The sheaths, at 
. first closed, are eventually burst open by the growing cells within, 
which pass out. Every individual cell can develop a new fitament. 
In other cases the filament remains enclosed in its sheath ; its celb 
subdivide into short disks, which by vertical divisions break up into 
smalt ball-shapeil cells. These may be considered to be the spores of 
the organism. Even within ihe sheaths they often develop into new 
filaments, which penetrate the jelly-like swollen sheath, or they may 
leave the sheath and develop entirely without it; either growing out 
into filaments, or by continued division forming larger or smaller 
colonies of roundish cells, which are held together by the gelantinieed 
membrane. These colonies are known as the Palmella form \_Zodgltea, 

' Rabmbont'B KryptogBmen-Flont, toe. at. 
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Cohn], and are probably equivalent to Pdlmdlina Jlocculota, Radl- 
kofer. Each of these cells, agaiu, is able to form a new flltunenL" 

In the spring of 1882 there sudileDly appeured iu the water sup- 
ply of Lille, in France, a pollution so extensive that the water for a 
time «>uld doi be used. For some years previous the water had 
occasiuued anxiety on account of its reddish color, bad taste, and disa- 
greeable odor, but it bad not produced serious trouble until April, 
1882. At that tinie it became so bad that in cerlain quarters of the 
city it could not be used, and for some time afterward every heavy 
rain was followed by a fresh disturbance. The water bore a rusty 
scum, easily strained out. Ferruginous deposits also formed in the 
reservoirs and some of the distributing maius. The water became so 
bad that even the tram-horses at one time refused to drink it. This 
attack of Grenothrix was studied by A. Giard,' who found little to 
add to the work of Zopf, except that the microgonldia appeared to 
hiid to be motile, and furnished at one time with a tiagellum. These 
afterward pass into an irregular Mtritmopeedia stage, and still later 
into zoogloea. From the zooglcea the usual filaments are finally pro- 
duced. The source of the drinking water of Lille appears to have 
been a series of wells in a marshy region, and the conditions appeared 
to Giard similar to those that prevailed in the original Tegel supply 
of Berlin. He therefore urged sand filtration as a remedy, and 
advised towns atiout to institute water supplies to avoid ground waters 
as a source of supply. 



MEETING 406. 
Bleetrie Welding Applied to the Manufacture of Projeelilet. 



The 406th meeting of the SociBTr op Arts was held at the 
Institute, on Thursday, October 23rd, at 8 p. m., Col. E. H. Hewins 
Iu the Chair. 

After the reading of the records and the election of new mem- 
bers, tJie chairman introduced Lieuu W. M. Wood, of the Thomson 

1 A. Glkrd, Comptsa Rendiu, 1882, p. 21T. 
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Electric Welding Company, who read a paper on " Electric Welding 
Applied to the Manufacture of Projectiles." 

Lieut. Wood said: I am asked tonight to tell you something of 
a new process which has been originated and developed within the 
past year, — a new and important application of an art in itself new, — 
electric welding. 

At this moment, when there is so general an interest manifested 
throughout the country in the question of the nation's arms aud 
defences, this new invention, which bids fair to supersede and im- 
mensely cheapen existing methods, is sure to claim its share of 
attention, both from experts in ordnance and'the general public. 

Before entering upon the subject proper. I wish to say a few 
words upon the general state of military art and on the production of 
projectiles in pai'ticular. For nearly a generation we have stood aside 
and watched others pass us in the race, forgetting what we knew so 
well at the close of our late war, until now we have finally awakened 
to lind ourselves relegated to almost the lowest place among the 
nations of the earth. To use a lowly simile, we might have been, 
until very recently, likened to a crab which had just shed its shell, — 
rich and fat, but helpless ; unable to assert our rights or aid our friends 
in time of need. 

ISiuce the earliest times, man's ingenuity has been taxed, first to 
improve his weapons, next his defences. The race between projec- 
tiles and armor commenced with the bow and arrow or sling, as against 
the rawhide-covered buckler. It has passed by gradual evolution 
through an infinite number of stages; sometimes the armor, some- 
times the projectile ahead; generally the latter. Indeed, at times, 
the projectile has been so much ahead as to cause the total abandon- 
ment of armor. This happened when the bullets and slugs from the 
crude blunderbuss of the Middle Ages made the matchless armor of 
the warrior of the day worse than useless. Some authorities are 
inclined to believe that an aualogous case exists now and that on the 
sea, at least, it is folly to burden vessels with an enormous weight of 
armor, which can be pierced so easily by the heavy projectiles thrown 
by the enormous high-powered guns in use. To the casual observer 
this may seem true, but on the other hand we must not forget that 
armor doet protect against the great number of moderate -si zed projec- 
tiles, and that if you can even only partially protect the vitals of your 
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structure, it is mucfa gained. We must also remember that these 
latest developments of armor and projectile have never been pitied 
against each other in actual warfare and that there will be a vast 
difference between firing through a target ai point-blank range and at 
a swiftly moving, rolling, tvavsring object a mile or more awa;, which 
is at the same time firing back at you. 

At the present moment, it looks as though the projectile was 
about to g&in another point over armor and become a still more im- 
portant factor. Artillerists on shore are now directing their atientiou 
largely to the use of breech-loadiog rifled howitzera or mortars. These 
guns are fired at a great elevation, rarely less than 45° and frequently 
at 60°. The projectile has consequently a bigh-curved trajectory, and 
plunges down on and through the decks of vessels or behind parapets. 
The decka of men-of-war are frequently not protected at all except 
over the engines, boilers, and magazines, where a curved armoi-eil 
deck is used with a maximum thickness of from 4" to 6"i 4" is the 
greatest thickness of the curved protective decks of our new cruisers, 
and is tlie ouly armor those now afloat have. 

The varying ranges of these howitzer-thrown projectiles are 
given by increasing or decreasing the weight of the powder charge. 

In some recent experiments made hy Krupp in Germany very 
satisfactory results have been obtained by projectiles thrown from this 
class of gun against horizontal targets representing the armored decks 
of ships. 

The defences of Boston and our other seaboard cities are to com- 
prise a large number of guns of this class. They fire both armor- 
piercing and common shell. Redoubts and turrets on shore can he 
armored as heavily as you please, or guns and troops can he defended 
by that most excellent protection, the earihwork. Afloat, however, 
where every pound carried is a matter of serious consideration, the 
problem is a very different one, and the weight of armor must neces- 
sarily be limited by the size of the vessel. A proper navy, however, 
will always be made up of a number of vessels of various kinds, more 
or less dependent on each other, from the gigantic battle ship, fully 
protected by the heaviest armor, down, including the partially pro- 
tected cruisers, fast unprotected vessels, despatch boats, converted 
merchantmen used as commerce destroyers or transports, torpedo 
boats, etc. 
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Troops in the field are like the unarmored cruisers, torpedo boata, 
and converted mercbantmen, practicnUy uaprotected. 

For use against these various defences and where there are do 
defeuces, except distance and advantage of position, there are in use 
three general classes of projectiles '(not considering the more or less 
experimental dyniiniite and other highly explosive shells). They are, 
tirst, the armor- piercing shell, used solely, as its Dame indicates, 
against heavy armor ; second, common shell, used against unprotected 
vessels and troops, for Itombarding cities and earthworks, for target 
practice, etc.; third, shrapnel, so named from its inventor, eilensivelj 
used in Held operations on shore against bodies of troops, and at sea 
against open boats, torpedo boats, or any unprotected body of men. 

Leaving the ordinary bullet of the shoulder rifle out of the ques- 
tion, these projectiles range in weight from those of a single pound to 
the gigantic missiles of the 110-ton gun, which weigh about one ton 
and are driven by almost a half a ton of powder. 

Now, in order to show how much is gained in the construction 
of projectiles by the Thomson electric-welding process. I will briefly 
describe the present methods of manufacture. 

First, the armor-piercing shell. To fulfill the Government require- 
ments these must be made of a fine quality of steel, capable of being 
made very hard, and still be tough. In the first operation it is forged 
or rolled into a rough, solid plank. After this it is placed in a lathe 
and turned off accurately on the oatside, and the powder chamber 
bored in the axis of the shell from the base, as in this specimen. This 
opening is then closed by a carefully fitted screw plug, in the center 
of which is a smaller threaded hole, into which fits the percussion 
fuse, which explodes the shell on impact. A groove is now turned 
in the outside near the base and knurled or roughened. This is for 
the copper rotating band, and the roughening is to prevent its slipping 
when the copper enters the rifling of the gun. Kext the shell is 
hardened by one of the various processes, which are more or less 
satisfactory ; and, finally, the copper band is forced into place by ham- 
mering or hydraulic pressure, and turned off true to gauge. This 
completes the projectile, and you will readily understand that all of 
this work is slow, tedious, aud expensive. Anyone who is familiar 
with the operation of machining high carbon or tool steel will ap- 
preciate this. As a matter of fact, a 6" armor-piercing shell which 
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only weighs ninety-four pouuds coBts in the n«igbborhood of 965 or 
$70. 

Next come comium shell. These, at present, we cast either of 
steel or iron, but even in this cheap form of production many diffi- 
culties are met with. In the first place, the shell usually has but one 
gmall opening to the inside powder chamber, and this only allows the 
use of a single *' print " to hold up the core which forma the interior 
cavity ; Gousequently, when the molten metal flows in, it pushes this 
core out of place, and, the resultant casting is eccentric, — thin on one 
side, thicif on the other; frequently so much so as to cause it to be 
discarded entirely. When the castings are received from the foundry, 
. they are first carefully calipered on the inside by a skilled operator 
who uses a delicate instrument called a " star gauge," which expands 
within and enables him to determine the amount the casting is out of 
true, which he marks on the shell. It is then passed to the bauds of 
the machinist. He is obliged to place it in his lathe eccentrically, so 
that the outside will be turned true with the inside; and you cau 
imagine that even after all this care they are never perfectly con- 
centric. Another serious difficulty met with in the cast projectiles is 
the lialHlity to small blow holes or porosity, which, though they some- 
times escape detection, always cause the rejection of the projectile 
when discoverer!. Through these holes the gases of the charge might 
be driven, and thus cause a premature explosion of the shell in the 
gun. Steel shell of this deBcriptiou of six-caliber cost about thirty 
dollars each. Like the armor- piercing shell, they are fitted with 
rotating bands and fuses, but are not hardened. 

Now we come to the shrapnel. It was originally invented for 
use in the smooth-bore guns of the past, and was then a hollow sphere 
tilled with sm4ll bullets, around which was poured melted sulphur as 
a matrix. A small powder chamber for a bursting charge was left 
in the middle. It was provided with a time fuse which could be set 
so that the shell would explode at the desired moment in it« flight, 
scattering its contents and fragments in the face of the enemy. So 
far there seems to have been no very siuisfactory sbrapuel made for 
rifle guns. The difficulty is that the head or base has to be screwed 
on after the body of the shell has been filled with the bullets and 
matrix. This construction weakens the projectile very much at this 
point, and the head or base is .apt to blow out witli^ut bursting the 
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body of tbe shell or scattertDg the bdllets. espeoially as the walls of 
the pTojectilx have to be made thick enough to stand the threaxting. 

Hoping I have now made olear the general state of the art, I 
will explain wherein this new proceBs differs, and will endeavor to 
illuMrat« it by the specimena I have here. 

First, instead of the solid, rough-forged ingot, we have these three 
component parts, which when welded together will form a six-pound 
armor-piercing shell. Each piece is now finished to exact size, except 
that there is a little extra length to allow for the take-up in welding. 
The head aiid base pieces are forged in dies to shape; the central 
portion is simply a piece cot from a length of solid, drawn'Rt«el piping. 
It has all the additional strength due to the flbrona akin inside and 
out caused by the drawing process. To join these three pieces, they 
are clamped into a form of electric welding machine designed for the 
purpose, and in less than a minute are joined together and made a 
homogeneous mass like this. 

It only How remains to grind off the two burrs which you see in 
this specimen and cut in the groove for the rotating band. The front 
one of these burrs may be used to form an enlargement used in many 
forms of projectiles, called technically a bourillet. It snpports the 
front portion of the shell in the bore of the gun, the remainder not 
touching, except at the rotating biind. The other burr may be re- 
moved at the same time the rotating band groove is cut. The fuse 
hole has already been cut and threaded in the base piece. The shell 
is now ready for the hardening process. I wish to call attention here 
to the fact that the burra are allowed to remain on the inside, and thus 
form strengthening riha which help materially to support the shell 
against the great crushing strain it receives on impact. You will see 
that we have thus formed a stronger and better shell with a minimum 
ef labor on the individual pHrts, and a few seconds work to join them 
together. 

In order to illustrate the wonderful strength that may be gained 
by Ibis welding process, I have here a shell which was constructed 
exactly as I have shown. It was fired through a 3" plate of iron at 
the naval proving grounds at Annapolis recently. You will see that 
it baa not changed its shape in the slightest degree, nor baa it even 
lost the copper rotating band which was carried through the hole with 
it. Here is another which shows a stilt more remarkable result. 
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This projectile whs fired against heavy steel armor which has a resist- 
ance of about seventy-fire per cent more than iron, and which was 
much heavier than a projectile of this size could be expected 10 per- 
forate. It, however, penetrated 5", and then, owing to the elasticity 
of the oali backing of the plate, was thrown back about eighty feet as 
perfect in condition as before it was fired from the gun. The experi- 
ence of the Welding Company has been that the mt^tal seems lo Vie 
strengthened at the point of welding, and this certainly seems to 
justify the sapposition. 

After accomplishing results like this, you irill see that the man- 
ufacture of the common shell berames a very simple matter. By the 
welding process it Is quite feasible not only to join iron to high carbon 
steel, but to weld wrought iron or steel to steel castings, or even to 
cast iron. Hence, in this case, it is only necessary to substitute com- 
mon iron or low carbon steel tubing and stamped or cast heads and 
bases, and perform the welding operation. The shell which is thus 
cheaply put together has all the advantages of wrought and none of 
the disadvantages of cast metal. If made of low steel, it may even be 
hardened to a certain extent, and thus have more or less eHicieucy 
against thin armor. 

In regard to the shrapnel, a single look at this section will show 
the problem and how it has been met. This is from a design for the 
United States Army 3.2" field piece. The head and base are steel 
castings, which have been heated and compressed to give them density. 
The body is drawn steei tubing ^" thick. The projectile was built as 
follows : first, the head was welded onto the body. Next, the brass 
tube which carries the flame from the fuse to the powder chamber at 
the base was crimped in at the upper end. The half-formed projec- 
tile was then inverted and the bullets placed within and the matrix 
poured about them. Next, the diaphragm which forms the front end 
of the powder chamber was put into position and the other end of the 
tube crimped in. The shell is now ready for the final weld, and you 
will notice that the base piece is provided with a shoulder, which, 
after the weld is made, will press closely upon the diaphragm and 
support it against the shock of the discharge. After the second weld 
is made, the shrapnel has an unbroken surface enclosing its deadly 
bullets, and, like the other shell, is ready to be fitted with rotating 
baud and fuse. 
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To BummArize : these shell can be produced in the method I have 
described, bo that u wrought steel projectile caa now be manufactured 
at less cost than a cast-irou one, which, except for target practice, is 
almost worthless ; and as for armor-piercing shell or even molded 
steel shell, there can he do comparison as to cost of production. This 
same priijciple can also be applied to solving a still more difficult 
problem, and one which has hitherto batHed the skill of the inventor, 
viz., the welding the solid heads onto the large brass cartridge cases 
now used with the projectiles of rapid-fire guns. A rapid-lire gun is 
one having a non-recoil and pivoted mount. It is aimed and fired 
from the shoulder, like an old-fashioned swivel. Thev range in size 
np to as large as the 6" gun. The ammuuitioa is fiied just the same 
as a bullet and cartridge of a shoulder rille. At present, these brass 
cases are constructed with great diHiculty, and at much expense, hy 
drawing up from the solid ingot, and no one is prepared to make 
those of the large sizes in this country. By the Thomson process, 
which also welds brass and copper, this will be an easy matter, and 
the cost should be less than one-fourth that now paid by the Govern- 
ment for these they are obliged to import. 

In conclusion, I will say that it is a well-known fact among ord- 
nance experiB that the breech mechanism and the principle of the 
construction of the present high-powered guns are entirely due to 
American invention, which was, however, forced out of the country 
by lack of appreciation, and was taken up and developed in Europe. 
I believe the day has come at last when our military inventors will 
not have to seek their encouragement entirely abroad, and I think 
that, in the very near future, our Government will be supplied entirely 
by cheap and effective projectiles of the kind I have shown you 
tonight. 
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MEETING 407. 
Movi to Make Staliitic» Popular. 



Th« 407th meeting of the Sociktt of Arts vas held at the 
ItiBtttute on Thursday, Nov. 13th, at 6 p. v., Hon. J. A. Dresser in 
the cbHir. 

After the reading of the records of the previous meetiug. the 
choirmm introduced Mr. Charles F. Pidgin, of BosMn, who read a 
paper on " How to Make Statimics Popular." 

Mr. PiDQlN began by giving a ewnmary of tbe work that has 
been done in tbe line of eoltecting statistical material. He then Niid ; 
What are our agencies for statistical assimilation ? How shall this 
material be put in shape for the popular mitid ? The average citieen 
is too baav a man to examine all these publications for himself ; and, 
as the editions are not large enough to supply every citieen with a 
copy, manifestly a large proportion of the community must obtain its 
statistics from the newspapers, the periodicals, or from works devoted 
to special subjects which present tbe conteuts of many volumes in a 
condensed form in one pamphlet or book. 

The printing press is the most potent aid that the statistician 
possesses. As I have remarked, few, at the present day, care to 
listen to an address or lecture full of statistics. They may appeal to 
the eye, but rarely attract the ear. This suggests a potent method 
of reaching the pablic ear with statistics. Bring them into text form, 
— change the perpendicular columns of figures into horizontal lines 
of words, and instead of comparing one long number with anotber 
number, perhaps even longer, bring everything to the basis of per- 
centages. If I say that out of 46,918,206 persons in the German 
empire 23,459,10S have blue eyes and flaxen hair I leave no impres- 
sion upon my audience that they can carry away with them ; but if 
I say that 50 per cent, or one-half of the inhabitants of the German 
empire, have blue eyes and flaxen hair, I have supplied them with a 
statistical poiut that should linger in their minils. 

So, in the published report itself, it may be allowable to draw 
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cooclusiont, to makje deductions, bot they should be p«t in clekn-cut 
panigrt^bs, or, better stilt, •horl. seuteuces, so that the busy mau may 
read aad remember. 

The newspaper cao be of iocalcuUble service id disseminating 
statistical inforoiation. It speaks ofteu to large audiences ; it adds 
to the fame of the statistician and t« the education of its readers by 
publishing the resalis of staustical iavesUgalioiis. The newspaper 
editor is a busy man. Perhaps he has both ability and inclination to 
take a large volume of startles aud boil it down for his readers, and 
perhaps he has not. lu either case it may be that he cannot apar« 
the time. — the book is put one side, — and when the time is found 
the statistics are "old"; that is, they have been discussed by other 
papers, and it is now too late to write a review. 

This status of affairs eau be largely remedied i/tehat a italutieal 
vQlumi_auaiu is brought into a few compact paragraphs by the statis- 
tician himself and made so conspicuous by kind of type or prominent 
position that the busy editor sees it and transfers it to the columns 
of his paper. 

The preparation of abstracts by the statistician may seem lo 
have a " cut and dried " appearance, bat it must be remembered that 
this abstract is always given as ao item of news, aud not as an editorial 
utterance, — that is, the newspaper dijea not necessarily indorse the 
conclusions contained in the abstract. 

Something is being done to popularize statistics. In the first 
place, I am glad to note that the Census Office gives percentages of 
increase or decrease with its population figures. This plan will un- 
doubtedly be followed iu tha various bulletins to he issued, in addition, 
the Superintendent of the Census has appointed a special agent for 
abstracts and items. It will be his duty to supply the old channels, 
tmd discover uew channels into vthich statistics can be advantageously 
seul. He will have a classified list of every newspaperand periodical 
in the country. He will also have a list of the writers and speakers 
who use statistical material in their articles or addresses. Not only 
will he supply to newspapers, writers, and speakers the informntion 
contained in census bulletins and reports, written into popular form 
iu abstracts, and also in items of various lengths, but be will also 
endeavor to learu what special statistics or new combinations of 
results are desired, and, if possible, such statiatics wilt be prepared 
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&nd sent to the parties desiring them. These abstracts and items will 
be printed on one side of the paper only, so as to be immediately 
available as copj, and between the items white spaces will be left, so 
that the party using them can cut them out and make them part of 
his article or speech. Each special agent of the census deals with his 
own specialty, and the bulletins and published reports will each have 
the distinctive treatment of the department from which it comes. It 
will be the duty of the special agent for abstracts and items to cor- 
relate this material, — that is, to write abstracts and items containing 
results drawn from the various bulletins or re|iorts, and brought 
Wgether in such a way as to show correlated results that the individ- 
ual handling of bulletins or reports would not supply. These abstracts 
and items, honestly and scientihcally prepared, and supplied free of 
all expense to all who may desire them, together with their appearance 
in the entire press of the country, will have a potent influence in 
educating the people to read and remember statistical results, and 
that is what 1 mean by " making statistics popular." 

I will give you a few illustrations of statistical items drawn from 
the latest bulletins of the census office : — 

There were 175 supervisors for the United States census of 1890. 
New York with 6,000.000 population had eleven of this number, 
while Massachusetts with 2,200.000 population bad but one. 

There are 640 cities and towns in the United States in which the 
statistics of manufactures will be taken by s[>ecial agents, owing to 
the large number of establishments therein and the great value of the 
product. Massachusetts with one-thirtieth of the population of the 
United States has 128 of these cities and towns, or one-Rfth. The 
five other New England States have 70. New York and Pennsyl- 
vania have 99 combined. 

The United States owes nine hundred and twenty-three millions 
of dollars. It has paid off nine hundred and ninety-nine millions 
since 1880, or more than one-half. It is evidently a prosperous 

In the same ten years the different States which now owe one 
hundred and thirty-two millions of dollars have paid off seventy-two 
millions, or more than one-third, since 1880. Another sign of pros- 

Iii 1689 there were 3151 miles of street railway in 56 cities in 
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the Uuited .States. MaseachuBetts. with ooe-thirtieth of the popula- 
ttou, htid nearly one-twelfth of the mile^e. Of the 3151 mileB of 
street railway in the United States in 1889 about 75 per cent were 
operated by animal power, 8 per ceDt by electricity, 8 per cent by 
cable, and 9 per cent by steam on both surface and elevated roads. 

With its report for 1889, being authorized so to do by the Legis- 
lature, the Massachusetts Bureau of Statistics of Labor introduced a 
new plan of isauiuj; its annual reports. Seiog composed of parts, 
each distinct in itself, these parts are issued as soon as ready in 
pamphlet form. A doable purpose is secured by this melhod of pub- 
lication. The statistics reach the public earlier, for Fart I is not 
held back several months until the entire report is ready. Again, the 
newspapers give as much space to the consideration of one of these 
parts as they formerly did to the entire reporL This means a gain 
to the bureau, the newspapers, and the public. It would seem that 
this plan could he advantageously followed in the publication of census 
volumes. Then each subject could be issued in pamphlet form as 
soon as ready without waiting a year or more for the complete volume. 
This plan would also do away with the too often cumbersome general 
analysis, for each part or section would necessarily he accompanied 
by its special analysis. 

The Massachusetts Bureau of Statistics of Labor will present 
three statistical novelties in its reports for 1890 and 1891. The tirst 
one will be a " Labor Chronology." We read in the papers from day 
to day of strikes in Massachusetts, in other StitteB of tbe Union, and 
ill foreign countries. We also read of movements in the many phases 
of tbe labor question, — cooperation, building associations, new trade 
unions, labor legislation, the starting of new industries or the marked 
development of old ones, of the deaths of prominent labor reformers, 
the Janus-like effects of the tariff, — in fact, the daily record of indus- 
trial progress, decline or conflict. The " Labor Chronology," as its 
name indicates, will supply a condensed history of all such points for 
the year 1890, and succeeding years. Not only will the arrangement 
be chronological, but it will be arranged, also, by subjects, so that the 
editor, politician, writer, or working man can consult this chronology 
and lind the year's history as regards strikes, co-operation, industrial 
partnership, growth of manufactures, labor legislation, or any other 
labor subject in which he may have a particular interest. 
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The BecoDil will be a coiidensatioo of all the statistics relating to 
wages, prices, and cost of living, in this and foreign countries, and 
the results classified as regards both wages and prices, as high, medium 
high, medium, mediQOi low, or low. We can then see, at a glance, 
the relations of wages to prices in ihe countries considered, for speci- 
fied jreara. 

The third departure from routine work will be the publication 
of a statistical abstract of Massachusetts public documents. The 
public document series now numbers fortv-two publications, although 
all do not contain statistics. Such as do, however, will have iheir 
Balieut points compressed into a page or less, so that the mechanic, 
mill operative, or manufacturer can glean from a pamphlet of thirty 
pages the statistical essence of thousands of pages. 

It is with no desire to interfere wiih the work of any other 
department that this condensation is undertaken. Its sole purpose is 
to make statistics popular by making them easily attainable, — to 
express great facts in short sentences, — so that the active, pushing 
American can read as he runs, and rememt>er what he reads. 

But more should be done. To borrow an old phrase which has 
done service many limes on the tlireshold of progress, — " Statistics is 
in its infancy." Permanent provisions should be made for the annual 
publication of the statistical atistract of the United States now issued 
by the Bureau of Statistics of the Treasury Department. Chief 
Brock has submitted to Congress the draft of a bill which provides 
that the various departments of the Government shall supply the 
statistics required for the ubstract. But even if this abstract is pro- 
vided for, but half is done tliat is required. The material must be 
still further condensed aud sent broad-cast over the country in the 
form of short abstracts in text form, and in the form of items so 
arranged as to be available for copy by simply cutting from the sheet, 
which should be printed on one side only. 

But still more should be done. There should be a Central Statis- 
tical Bureau of the United States to collect and assimilate the work 
of American and foreign statistical offices and bring their work into 
shape for comparisou. As such an otUce would not undertake original 
investigations, but would deal with official reports, or with material 
collected by other parties, it would not be necessary that such an 
office should be conducted by the Government. It would be much 
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better to have it organieed on a private commercial basis. Then those 
who pay can choose their statistical diet. Republicaas can call for 
and obtain figures to show the benefit of protection, while Democrats 
can ask fur and secure those statistics which indicate the prospective 
advantages to be derived from an approximation to free trade. Even 
the Prohibitionists could purchase figurative crumbs of comfort. 

Such an office would supply its authorities with all its tabulations 
and presentations. It would lie an office free from partisanship, for 
its proprietors would conduct it on a professional and financial basis. 
As long as it maintained ttiis independent position its statistical value 
would be acknowledged. If it allied itself with a political party, it 
would soon be known by its fruits, and from the position of the judge 
it would fall to that of the advocate. A dry goods dealer does not 
keep one class of goods for Republicans and another for Democrats, 

— and if he decided to sell only to the members of one party, he 
would violate the prime principle of trade, — sell all that you can and 
make as much as you can. 

Such a bureau, from its vast collection of official and personal 
statistics, could prepare abstracts and items for the use of newspapers. 
It could supply special statistics for editors, writers, merchants, states- 
men, and others. It could publish small pamphlets on live subjects, 
giving in condensed form, at a small price, the results of original 
investigations from the published reports of statistical offices in all 
parts of the world. Its translators would put into graphic English, 
within a few days after their receipt in this country, the reports of 
foreign statistical offices, and the latest productions of individual 
foreign statisticians. Such a bureau would naturally publish a statis- 
tical paper, — probably a weekly. It could contain original articles, 
biographies of leading statisticians, with portraits, accounts of the 
principal statistical offices in the world, personal items, reviews of 
statistical works, a record of the progress made in practical statistics, 

— in fact, be "a trade paper," and a means of commtinicalioD for 
those connected with or interested in the science. Such a statistical 
office, conducted in a business manner, would have to be just to all its 
patrons. The study of statistics, and particularly their preparation, 
frees a man from paniaanship, — for partisanship often antagonizes 
justice, — and the statistician who seeks truth cannot, in justice, tam- 
per with figures or conceal facts. Every mooted question, when the 



n,g:,.,;dtyGOOglC 



40 Froceedisgh of thb Sooiett of Arts. 

facts are oblained, shows that the parties on both sides bad reasons 
for their opinioDS, and the agitator who, craving notoriety or risking 
popularity, cries out that a giant wrong exists, has done Che public a 
service even if the facts show that his giant was only a p»ny dwarf. 
Negative statistics are often more coorincing than positive ones. 

To the American Association, Co the Annual Convention of 
Chiefs and Commissioners of Labor Bureaus and kindred associations, 
tbe people of America must look for tbe organization, or, at least, 
generous encouragement, of all legitimate plans for making sCatietics 
popular, — chat is, having statistical truths form pare of the education 
of tbe progressive American. We do not expect that an individual 
will enter a drug store and help himself to medicine. The medicine 
must be dispensed. The liquids' may he given in drops or teaspoon- 
fiils, the solids in powders or pills.- So the mass of statistics must be 
cut up and dispensed in small doses. 

The newspaper editor, the statistinan, the special agent for 
abstracts and items, the statistical weekly, monthly or quarterly, the 
central statistical bureau, — in fact, all dispensers of statistics, most 
supply them in such form that they will catch che eye, appeal to tbe 
mind and linger iu the memory. This, in my opinion, is the true 
answer to the inquiry, '■ How can statistics l>c made popular ? " 

Another way in which statistics can be made popular is for our 
statistical associations to have annual dinners or banquets. Speeches 
upon tbe incimate and vital connection of statistics with Che questions 
of che day and progressive legislaCioD would he in order. Editors, 
authors, and sCatesmeu would be appropriate guests aC such banquets, 
and Che reports of the occasions in tbe newspapers would attract che 
attention of tbe public and tend, in do small degree, to add U> the 
growing popularity of eCatisCics. 
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The Purification of Water by MetaUie Iron. 



The 408th meeting of the Socibtt of Arts was held at the Inatt- 
tate on Thursday, December 11th, at 8 p.m., Prof. T. M. Drown in 
the chair. 

The records of the previous meeting were read and approved. 
The chairman then introduced Mr. Easton Devonshire, of Londnn, 
Knglaod, who read a paper on " The Purification of Water by Metallic 

Mr. Devowshire said: I think that were any special proof 
Deeded to show how rapidly this country is arriving at the age of 
maturity it might be found iu the increased attention whicb is given 
not only by scientific men and professional sanitarians, but by the 
people at large, lo questions affecting public health. Of these ques- 
tions not the least important is that of the quality of the water we 
are to drink, and the precautions that should be taken to prevent this 
necessary o[ Ii(e from being a possilile source of danger to the health 
of the consumer. In the phenomenally rapid growth of cities in this 
great country sufficient atlention has not been paid, in the first 
instance, to sanitary considerations, which have almost necessarily 
been postponed for want of time to give them the prominence they 
deserve. Again, the increase of population and the growth of indus- 
tries of all kinds iu the neighborhood of the waterways, which were 
the cause of their location, have altered the conditions which originally 
permitted, if they did not justify, the utilization of natural waters for 
the drinking supply of cities and towns. In the older countries of 
Europe, long since densely populated, it has tor years past been found 
necessary to endeavor to counteract by artificial means the inevitable 
pollution of sources of water supply at one tinne deemed harmless. 
Also, the advancement of science has proved the dangers to public 
health which impure water offers and which were, until comparatively 
recent times, but imperfectly recognized. 
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The oldest method of artificially improving impure water is that 
of filtration through sand, ll is the geueral practice in England and 
Id many parte of the continent of Europe to eubmit water drawn from 
rivers, or other sources not entirely free from suspicion of contamina- 
tion, to the process of sand filtration. 

This process consists of allowing the water to percolate through 
a layer of sand two or more feet in thickness at a speed sufficiently 
slow to remove at least a considerable portion of the suspended impuri- 
ties. The action of the sand filters, worked as they are in ordinary 
practice, is purely mechanical, the dissolved organic matter not being 
reduced in any important proportion. They are, however, capable, 
as has been shown by Ptefke, of arresting bacteria to au extent which 
their porosity would not seera to render possible, the explanation 
being found in the formation, after several days' working, of a sticky 
film or membrane which Piefke terms '* bacteria jelly," to which the 
miero-orgauisms adhere when the spei^ at which the water passes 
through the sand bed is maintained at a slow and unvarying rat«. 
This speed will diSer according to the uature of the water and the 
standai'd of improvement aimed at. Under favorable conditions it 
should not exceed sixty gallons per square foot per day, while half 
this speed will fail to remove the color due to finely divided clay or 
peat so frequently met with in river and impounded surface waters. 

Ill 1879. when a charter for the water supply of the city of Ant- 
werp, in Belgium, was granted by the municipal authority to an Eng- 
lish firm, permission was given to use the river Nethe as the source 
of supply, on condition that its water should be submitted to a careful 
filtratLon through sand before distribution. 

Before commencing to construct the works, however, the pro- 
prietors foresaw that simple sand filtration would fail to remove the 
peaty color from the water and render it sufficiently attractive to the 
eye to compete with the old established supply obtained from the shal- 
low wells with which each household was provided. It was recognized 
that whatever superiority the sand-filtered river water might be shown 
to possess over the contaminated well wat«r, the commercial success 
of the undertaking would be endangered by the iuferior appearance 
of the new supply. Several chemically acting filtering materials were 
known to be capable of removing the objectionable color, and, after an 
examina^on of the merits of each of them, the mat«rial known as 
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Sischof's spon^ iron was selected. Successful experiments were 
maJe and filters cunlainiDg spongy iron were designed and constructed. 

Spongy iron is obtained by roasting faemaCite ore to a point just 
sliort of fusion, tbe metal being rendered porous or spongy by this 
operation. Some 900 tons of this form of iron, mixed with three 
times its bulk of fine gravel, were used to form three filter beds. The 
river water percolating through these beds took up a portioo of the 
metal, forming a ferrous salt, which by sabfieqiient contact with the 
air was precipitated as ferric oxide, and, acting as a coagulant, allowed 
tbe water to be strained through a bed of sand, and to issue bright 
and colorless. 

Tbe desired improvement in appearance was thus obtained, and 
at the same time the water was found to be purified to a remarkable 
degree. The Biscbof process, though costly, thus promised lo solve 
tbe problem bow to utilize an impure natural water without danger to 
public health. 

For nearly Ihree years the Biscbof filters realized expectations, 
but gradually, as the demands of the city increaseji, it was noticed 
that the daily delivery of the filters was decreasing in quantity. Inves- 
tigation showed that the material was caking and rusting together, 
and was being clogged with the substance formed by its chemical 
action on the dissolved organic matter of the river water. Finally, 
when great expense had been incurred in efforts to maintain tbe 
porosity of the filters, William Anderson, the consulting engineer of 
tbe works, designed a method of overcoming the mecbaaical difficul- 
ties of filtratioD. This method, known as the Revolving Purifier 
system of purification, is the invention which my paper is to treat of 

tOhigbL 

The somewhat long introduction I have given it is for tbe purpose 
of showing what. was the necessity for the invention and what were 
the difficulties iu water purification and filtration it had to overcome. 

In Bischora, as iu all other systems of chemical ly-actiug fillers, 
the water is brought into contact with the purifying medium by per- 
colating through it. Anderson reversed the principle by designing an 
apparatus in which the purifying medium is continuously showered 
down through a flowing stream of water. The apparatus by which the 
result is effected consists of a cylinder A (see Fig.), supported iu a hori- 
zontal position by hollow trunnions B, B, revolving in pedestal bear- 
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inga C^ Cj, placed one at eacb of its exCremitiea. Within the cylinder 
are a series of short curved shelves D D D arranged in steps at eqnal 
distances round its circumference, and retLching from end to end. lu 
the place of a sixth row of curved shelves is a line of small square 
plates H H H, wliich. bj- means of nuts outside the cylinder, can be set 
at an angle nith the axis of the purifier. These plates serve to direct 
the shower of iron liack towards the inlet end of the apparatus, and ' 
so to counteract the tendency of the current of water to carry the 
purifying material forward. Through the hollow trunnions, which 
are provided with stufTing boxes, pass the ends of inlet and outlet 
pipes £ and F, which bring and which carry off the water to be puri- 
fied. Facing the inlet pipe E is a circular distributing plate G, 
secured at a. distance of ^ inch or f inch from the end of the cylinder, 
serving to distribute the wal«r radially on its entering the cylinder, 
and prevent its flowing in a direct current along fhe axis of the 
apparatus. The inner end of the outlet pipe is fitted with an inverted 
bell-mouth K, carried down as near to the bottom of the cylinder as 
the shelves will allow, and intended to prevent the finer particles of 
iron from being carried out by the current of water. A. rotary motion 
is given to the cylinder through gearing working into an annular spur- 
wheel I, surrounding one end of the cylinder. 

Through a suitable hand or man-hole J iron in a moderately fine 
state of division is introduced into the cylinder and spread evenly 
along the bottom in sufficient quantity to occupy one-tenth of the 
capacity of the cylinder. 

When the Bevolving Purifier is to be set in motion, the sluice- 
cock L, provided at the inlet, is opened and the cylinder filled with 
water, the air being expelled through the air-cock M, which at that 
time must be at the top of the cylinder. When all the air is expelled 
the air-cock is shut, and the apparatus is set in motion by a small 
steam-engine or other suitable form of motor, the speed of rotation 
being about six feet per minute at the periphery. By this rotary move- 
ment the shelves are successively caused to scoop up the iron granales, 
which at starting are spread evenly along the bottom of the cylinder, 
and to shower them down through the water. By means of the sluice- 
cock L, the flow of water may he regulated to the speed required to 
give the duration of contact with the iron found necessary for efficient 
purification under the particular circumstances. 
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Id his first experimeQU Anderson used spongy iron, which was up 
to that time supposed to possess special merit as an active pnrifier. 
Experiment, however, showed that scrap iron, in any convenient form, 
was equally active, The great difference in cost of the two materials 
of course made this discovery a valuable one. 

The objections to the practical working of spongy-iron filters on 
a large scale were two-fold. First, the rusting together of the mass ; 
and, secondly, the coating of the material by the products of its own 
chemical activity, whereby the contact between the metal and the 
water was continually being impaired. 

Tlie revolving purifier obviates both of these objections in the 
first instance by showering a small quantity of the material looHcly 
through the water, and in the second by the automatic cleaning which 
each particle of the metal gets by rubbing against its neighbors. 

The theory of the process is the formation in the water passing 
through the purifier of a protosalt of iron, through the solution of a 
minute portion of the metal by the carbonic acid and oxygen contained 
in the WBl«r. On issuing from the cylinder into the open air the pro- 
tosalt is converted by further oxidation into the insoluble form of 
ferric oxide. lu its formation the ferric oxide entagles the suspended 
matter, and oxidizes the organic ingredients of the water. The dis- 
tributive action of the ferric oxide in the organic matter has been 
described as being similar to that of rijst stains or iron mold on linen, 
the. fibers of which are apparently burnt up. 

Micro-orgunismB are at the same time caught and held in the 
precipitate. Dr. Edward FrankUnd goes farther and considers that 
they are actually destroyed, the iron bavin;^ a toxical effect. What- 
ever may be the true facts of the case, it has been proved by repeated 
analysis that the purification of the water is effected by the time the 
precipitate is completely formed. Subsequent sand filtration has only 
to remove the precipitate by mechanical straining. 

Prof. Kemna of Antwerp, who has studied this process very fully, 
has expressed the opinion that the micronirgauisms are to a great 
extent arrested by the film of oxide formed on the surface of the sand 
bed. I, at one time, expreased the same view, bnt recent experiments 
lead me to think that, as far as the bacieria originally present in the 
water are concerned, the precipitate alone is capable of holding them. 
Of course in practical working the purified water receives coutiuualiy 
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a fresh supply of bacteria from the air. These are certainly removed 
duriug filtration, and here the coating of oxide, which the sand receives, 
is of great value, replaciDg the gelatinous film and the membrane 
formed by the growth of algw on ordinary sand filters, as explained 
by Piefke in iiis experiments with the Berlin filters. It is also pos- 
sible tbat the ferric oxide film on the sand removes the last trace of 
free ammonia, the entire absence of which is characteristic of the iron 
process. 

Weekly analyses of the Antwerp water before and after filtration 
show that in actual practice ou a large scale the albumenoid ammonia 
is reduced to one-third of its original amDunt, — free ammonia and 
nitrous acid entirely disappear and nitrates are brought down to the 
smallest trace. 

As regards micro-organisms, coiittuued examinations by Koch's 
gelatine lest show that from the number of 50,000 to 100,000 in the 
river water at Antwerp, the highest figure during the whole of last 
year in tlie filtered water, was twenty colonies per cubic centimetre, 
the average being only four or five colonies. This means practically 
the steriliaation of the water. The figures are the more remarkable 
as they are the results obtained daily under all conditiooa of the water 
and in the fifth year of the uninterrupted working of the process. 

The princij>le followed out in this process differs essentially, in 
one important respect, froOi that of the high pressure system of filtra- 
tion which, in conjunction with the use of alum as a coagulant, has 
been the subject of many patents in this country. 

With high pressure filters the copulated impurities are strained 
out of the water white the tatter is forced, at a high rate of speed, 
through a compressed tied of sand of comparatively small area. The 
effect of the high rate of speed is to impregnate the whole depth of 
(be filtering materials with the coagulated impurities. At a given 
moment the filter is clogged up through its whole depth, and must be 
washed throughout by a reverse current before l>eing used again. In 
Anderson's process care is taken so to regulate the speed of filtration 
that the sand bed shall be capable of retaining at \t» tarface the pre- 
cipitate formed by the iron. In this way, as long as the filter main- 
tains a specified delivery under a constant and low pressure, the 
certainty exists that the mass of the sand is absolutely unfouled, and 
water is obtained of the same degree of purity from first to last 
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Further, as a matter of economj, elon-ranniiig filters bave proved the 
best. Although of much greater area, the fact that they require clean- 
ing odIj ODce ID six weeks or two months, aa against the daily washing 
given the high pressure filters, makes their working cost the lower of 
the two. 

When the difference of cost of scrap iron and alum is taken into 
account, comparative stat^'ments of the working cost of the two pro- 
cesses show that for similar waters the iron process docs not cost more 
than half the alnm process. 

From what may be called the sentimental point of view, the 
avoidance of the use of chemicals, whether alum or salts of iron, such 
aa perchloride or sulphate of iron, is a strong argameut in favor of the 
Anderson process for the treatment of potable waters. 

The actual working cost of the revolving purifier process varies 
with the nature of the water treat«d, and may be considered as being 
more or less in proportion to the activity uf the particular water in 
contact with ihe metal and the readiness with which the precipitate 
forms. A clear water, free from mud and suspended impurities, is by 
no means necessarily the cheapest puritied, but with waters like the 
Mississippi, containing an immense quantity of tioely suspended clay 
as well as much easily separated mud, a few minutes agilating with 
plate punchiugs produces such a coarse and voluminous precipitate 
that 90 per cent of it can lie arrested by obstacles placed in the chan- 
nel along which it runs on its way to the filter bed. Ou the other 
hand, water containing a large quantity of orgauic matter of certain 
kinds will retard the precipitation of the iron, and keep the precipi- 
tate in a finely divided condition until the sand is reached. It is the 
finely divided matter, be it a precipitate of ferric oxide or suspended 
clay, which shortens the life of a filter. Thus, to go to an extreme 
case, clean sand carried mechanically in water can be strained out 
with the greatest facility without choking the filter, retaining it for 
a very long time. With the iron process, where a voluminous coarse 
precipitate is formed, the whole bulk of it may be sent on to a sand 
filter, and yet the life of the filter will be three or four times as long 
as with a fine precipitate of small volume. 

The working of the process at Antwerp and at Dordrecht, in 
Holland, serve as excellent comparative illustrations of this. At 
Antwerp the water is charged with much organic matter, both vege- 
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table and animal, bat contains comparatiTely little floely suBpended 

Before tlie introduction of Bettling remrvoira, the ftlters bad to ba 
scraped on the average once a fortnight. At Dordrecht, where the 
water is organically much purer, but holds a great deal of fine clay in 
■oapension, the fittera run for five weeks, although the water goes 
direct onto them from the purifier. 

I stated before the Franklin Institute some eight months ago that 
for quantities of five million gallons per day and upwards the working 
cost of the process in no case would exceed two dollars per million. 
I have since received the figures of cost for the year 1889. Although 
on the average less than 750,000 gallons were pumped daily, this 
being under half the capacity of the plant, the 234 million gallons 
pumped in the year cost only $257, a fraction over one dollar per 
million. Of course with large volumes the cost per million decreases. 

The paper was illustrated by views shown on the screen and by 
experiment.' A short discussion followed, after which the meeting 
was adjourned with a vote of thaaks to the speaker for his very inter- 
esting lecture. 



MEETING 409. 
A Mew Method of Sludg in Telephony. 



The 409tb tneeling of the Society of Arts was held at the 
Institute on Thursday, Jaouary 8, 1891, at 8 p.m., Mr. N. M. Lowe 
In the chair. 

After the reading of the records of the previous meeting and the 
election of new members, the chairmaa introduced Prof. Charles H. 
Cross, of tbe Institute, who read a paper on "A New Method of 
Study in Telephony." , 

Prof. Cross said : Tbe character and •stent of tbe motions of 
the electrodes of a microphone transmitter, when actuated by sound- 
waves of different degrees of intensity, la a subject in telephony of by 
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no means slight importance, but to which very little study has been 
given. The present paper describes the results o( some observations 
relating to this subject, which have been made at various limes duriog 
the past two years. 

Several years ago an attempt was made by Mr. W. W. Jacques 
and the writer to gain some knowledge as to the amplitude of the 
vibrations of the hammer electrode of a microphone, by observing it 
with a microscope while in operation, and noting the eitent of the 
blurred portion of the image. The results, though giving ail that could 
be expected from so crude a method, were not very satisfactory so far 
us defloite measurement was concerned. 

It afterwards occurred to the writer that the matter might be 
studied more completely by the use of the stroboscopic method, aod 
an arrangement of apparatus was adopted by which the motions of 
the electrodes could readily be observed. 

This was done in the following manner. The microphone to be 
studied was placed iu the field of a microscope, whose line of collima- 
tion was horiiontali Behind the microphone, at a suitable disUince, 
was placed a Helmholtz mercury interrupter, with a tuning-fork mak- 
ing 128 vibrations per second. The extra current due to the electro- 
maguets of the interrupter was quite large, so that a brilliant spark 
was obtained at each rupture of the circuit, as the plaiinum style of 
the interrupter left the mercury. The interrupter being properly 
placed, and the light of tha spark conceutrated by a lens, quite a bright 
field was obtained, against which the electrodes were seeu projected 
as silhouettes. The light, though intermitteut, of course seemed con- 
tinuous, since the sparks were so numerous. When good definition 
was obtained,, the microphone was set in operation, usually by means 
of an organ-pipe placed at a convenient and variable distance, and in 
some experiments by the voice. The pipe was blown by a constant 
blast, and great uniformity of intensity in the sound was secured, Au 
open Cg organ-pipe making approximately 2o6 double vibrations per 
second was commonly used, its pitch being variable to a moderate 
extent by shading the mouth or the openiug at the top. 

So long as the pipe was ao exact octave jn pitch above the inter- 
rupting fork, the electrodes of the microphone as seen with the micro- 
scope appeared to be at rest ; but if the interval was slightly disturbed, 
the stroboscopic effect was observed, and the electrodes seemed to 
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move slowly through their complete course. The rate of this apparent 
vibration was of course dependoDt upon the deviation of the pipe from 
exactoesg in its interval with the fork, and coutd be varied at will 
, within quite wide limits. 

The esient of the motion of the electrodes could be determined 
by observing the grains of dust which adhered to them, or soma deli- 
nitelv marked roughness on their surface. Measurements were made 
by means of a spider-line micrometer, the wires of which were placed 
St a convenient distance apart, and the amplitude of the motions of 
the selected points of reference on the microphone was determined by 
estimating the relation of their apparent motion to the distance sepa- 
rating the wires of the micrometer. This last distance was frequently 
varied to diminish the liability to error from a possible bias of the 
observer towards an agreement with earlier results. 

In the experiments described in the present paper, the electrodes 
were generally so adjusted that the motion of the anvil electrode was 
too small to be observed. Under these circumstances the observed 
motion of the hammer electrode, as measured by the micrometer, was 
the motion of this relatively to the anvil electrode, which is of course 
the quantity to be determined rather than the actual excursion of the 
hammer electrode. 

The microphone was placed in circuit with a battery and the pri- 
mary of an induction coil. whose secondary contained a receiving tele- 
phone. With this arrangement the effect on the ear of the electrical 
variations due to the various values of the excursions of the electrodes 
could readily be observed. In many cases a second observer was 
stationed at the receiving telephone, which was then placed in a sepa- 
rate room. 

Magnifying powers were used of from 50 to 1000 diameters. 
With the higher powers the use of an ohjective of short focal length 
was difficult on account of the small Working distance, so that, although 
even as short a focus as ^ in. was sometimes employed, it was found 
mnch preferable to obtain the needed magnification by the use of short 
focus eye-pieces. 

The brilliancy of the electric spark was amply suflicient for illu- 
mination of the field, even with the highest magnification employed ; 
a fact which calls attention vividly to the enormous "instantaneous 
intensity " (so to call it) of that light. Considering the excessively 
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brief duration of the spark and the Ter; gmal) qusntitj of matter 
illuminated, it seems unquestionable that the iutrinsio brilliancy is far 
greater than that of the electric arc, a view fully supported by the 
results of spectroscopic study. 

Various forms of microphone vers observed, but the general 
features characterising the actions studied were common to them all. 
As the intensity of the sound acting on the microphone was increased 
by approaching the organ-pipe to the diaphragm, the motion of the 
hammer electrode, at first absolutely invisible, was seen gradually to 
intil, when the intensity was very great, the motion was 
re, the anvil electrode being violently pushed aside, and the 
hammer leaving it on its return motion, so that the circuit was broken 
at every vibration. At the sume time bright sparks were seen between 
the electrodes. To the ear the simultaneous acoustic changes in the 
sound transmitted were very striking. The sound of the pipe was dis- 
tinctly audible, and its quality clear, with motions of the hammer 
electrode far too slight to be observable. As the sound actuating the 
telephone became louder, and the excursion of the electrode became 
visible, the quality continued good, the sound transmitted growing 
louder ; and then, as the excursion increased further, the quality grad- 
ually changed, shrill false notes made their appearance, and the sound 
began to grow harsher, until finally, when breaks appeared in the cur- 
rent, the sound was excessively harsh, aad entirely devoid of musical 
quality. Long before this, however, the characteristic quality of the 
organ-pipe disappeared. 

The following tables will illustrate the results obtained. In mak- 
ing many of the measurements I worked in company with Mr. W. W. 
Jacques, whoric observations were always in substantial accord with 
my own. A large number of observations have also been made, under 
my direction, by Messrs. A. W. Jones and F. L. Dame, students in 
the laboratory, whose work has been performed with conscientious- 
ness and accuracy. 

The microphone used in most of the experiments was one in 
which the auvil electrode was a "pendulum electrode," suspended by 
ft vertical rod, hinged at the top, and is weighted so as to give to it a 
proper mass. The desired normal pressure could be obtained by slid- 
ing the point of suspension laterally so as slightly to incline the sup- 
porting rod, and further, by adding a weight so as to exert s proper 
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re, if this was desired. The hammer electrode was puioted and 
carried by the diaphragm, which was of mica. The sounding pipe 
was gradually removed from or approached toward tiie microphone. 
Care was in all cases taken to keep tbe wiod pressure constant. A 
Bingle Leclanch^ cell was ordinarily used, though in a few cases a 
Gr^net cell was employed. 

In the various tables, the excursions of the electrodes are in all 
cases given in fractions of an inch. In designating the material of 
the electrodes, that of the anvil is stated first. 

Tables I to III show tbe results obtained when both electrodes 
were of carbon ; Tables IV and V, whea tbe anvil electrode was of 
carbon, the hammer of platinum. Tables VI to VIII contain results 
of observations made with a poditied form of transmitter, in which 
the anvil electrode was also somewhat heavier than in the earlier 
experiments. 



Elbctbodes, Cahbon, Carbon. — Magnification, 50 diav^etert. 



Choractor of Soojid. 

1000 X 10-* to TOO X 10-* Coaatant breaking and sparks. Elec- 
trodes visibly separating. 
600 X lO-* Constant sparking. Electrodes occasioD- 

alt; seen to separate. 
200 X 10-° Occaxiunal breaks and sparks. 

300 X 10-* Scratchy aoand, no sparks. 

No vlslblfl motion. Sound clear and smooth. 



TABLE II. 
ELKCTBODE8, Cabson, CxKBOs.'-MagiUifieaUon, 60 diameteri. 



Chamcler ol Boiuid. 

)00 X 10"* to 600 X 10-° Constant sparks; electrodes separating. 
100 X 10^ to iiOO X lO-* Harsh i occasional breaks and sparks. 
IBO X 10-* Scratchy, 

o visible motion. Clear and smooth. 



Whenever the excursion of the hammer was greater than lOOx 
10-^ the sound was very scratchy and harsh. 
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TABLE ni. 

Electkodes, Carbon, Caioos.— Magnification, 160 diameters. 

HEGnr^on- Chanctflr of Soond. 

860 X KH to 300 X lO-" Loud, noisy, harsh. 

260 X 10-" to 200 X 10-" Very Bcratch;. , 

120 X 1(H to 80 X 10-" Scratchy, but less tbao before. 

IBO X 10-* to 100 X Ifr* Scratchy, but with high overtones. 

At the lowest amplitude given in Table III the quality of the 
sound of the pipe was first heard, but a still leas amplitude was neces- 
■ary for its sfttisfactorj reproduction. 



Electrodes, Carbon, Fi^-nsuit.—Maffnyieation, 160 diamettrg. 



Chancier of Soand. 

360 X 10-* Constant sparka and breaks. 

120 X 10-* Scratchy; occasional sparks and breaks. 

70 X 10-* Baspy. 

60 X 10^ Quality distinct, but high squealing over- 

tones present. 
20 X 10^ Quality better; fevrer high overtones. 

Less than 30 x lO"' Quality better; some high overtones still 

audible. 

The pipe had to be carried twice as far away from the transmitter 
as in last measurement, to a distance of eighteen inches, before the 
quality became really escellent. 



Electrodes, Carbon, Fultiujjm.— Magnification, 150 diamelert. 

Bxcniridn. Glunicler ol Bonnd. 

120 X 10-° Very scratchy; occasional sparks. 

60 X lO-* Sqaeaiing, high overtones. 

40 X lO-' Fair quality; high overtones prominent. 

<20 X 10-* Good quality; a little rough. 

400 X 10-* Constant brealfiog. 

60 X lO-* Very raspy. 

40 X 10-* High overtones strong. 

20 X 10-* Quality good. 
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Electhodks, Cabboh, PhAnsmt—MagniJicaHon, 700 diameten. 

EXcDnhm. CharaFter of Sonnd. 

200 X 10-" RoQgh, but pitch discernible. 

60 X lO-" Rough, pitch dlstiiict. 

Sfl X 10-" Smooth, with high avertODM. 

80 X 10-" " " " 

20 X lO-" Quality good; some high overtones. 

10 X 10-* Good quality. 

2B X 10-* Smooth, with high overtones. 

30 X 10-" to 40 X 10-* - High overtones proraln^nt. 
60 X 10-* Harsh and rongh. 



TABLE VII. 
Blbctbodbs, CjutBON, Platinuh. — Maga^fielttton, 940 diameter*. 



1000 X 10-» to 800 X 10-' Scratchy, with breaks. 

100 X 10-" Bongb; with high overtones. 

60 X 10-* Wheeiy, with high overtonea. 

40 X 10-* Smooth, but with high overtones. 
80 X IiH " " " " 

fiO X 10-' Eoagh, with high overtones. 

«0 X 10-* Harsh, with high overtones. 

40 X 10-' Smoother. 

30 X 10-* Smoother, with high overtonea. 

20 X 10-* to 30 X 10-* Good quality, high overtones present. 

20 X 10-* Good quality. 



TABLE VIII. 
Blectbodbs, Carbon, Platinum.— 3(«?»ife(itio! 



Eicnirfon. , 


Character of Sound. 


1000 X 10-' 




Harsh and acreamy. 


3000 X 10-' 






1000 X 10-" 




High overtones heard; no dlstlm 


400 X 10-' 




High strident overtones present. 


100 X 10-' 






G0X10-' 




Sound wheezy. 


BOX 10-" 




Sound smooth. 


aoxiOJ" 


to 10 X I0-' 


Quality good. 
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The differences in the eSecte obtaioeil with a tnicropbooe in 
which tioth electrotles are of carbon, as oompared with one in which 
one of the electrodes is of platinum, are well known to everyone who 
baa considered the subject. 'While with the latter it is more easy to 
produce an actual break of cootitct between the electrodes than with 
the former when the sound is increased, on the other hand the qoalitj 
is much more satisfactorily reprodaced, and does not so rapidlj disap- 
pear on incteasing the loudness. These differences were clearlj 
uoijced in the observations. Thus, for slight excursions of the ham- 
mer electrode, the quality of the sound with two carbon electrodes was 
found to be less satisfactory than when the hammer was of platinnm, 
although in the latter case the point of actual breaking of circuit and 
sparking was usually reached with a less excnrsiou than in the for- 
mer one. Evidence of these differences appears in the tables just 
given. 

It must be observed that, while the figures given in the tables 
show what is the maximum amplitude of vibration of the electrodes 
consistent with the transmission of quality, they entirely fail to indi- 
cate the excessive minuteness of the least excursions which are capable 
of this result. How minute these sometimes are may be inferred from 
the following observation. 

With a microphone having a somewhat heavy anvil electrode, the 
organ-pipe was gradually moved away from the diaphragm, and the 
diminishing range of motion of the electrodes nolod in the usual man- 
ner. When the pipe was at a distance ot three inches the motion of 
the electrodes was too slight to be visible, although this could have 
been seen readily with the low magnifying power employed if it had 
been as great as ^tj^njf in. The pipe, still blown with the same loud- 
ness, was then carried farther and farther away. At a distance of 
thirty-six feet, which was the most distant point from the microphone 
in the room, the sound of the pipe was still distinctly though faintly 
audible at the receiver placed in circuit with the microphone, and in 
a distant apartmenL 

The results shown in the preceding tables give an idea of the 
phenomena observable with a microphone of the structure employed. 
Inasmuch as the primary object of the measuremenis was to obtain 
some idea of the actual value of the excursion of the electrode, the 
mass and normal pressure of the electrodes were not particularly con- 
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sidered, except that tbe^ were bo adjusted as to give good truTismiBsion 
with moderate loudness of the Bound actuating the microphoiie. But 
it would of course be expected that the numerical value of the relative 
excursion of the electrodes correBpooding to any given chnracter of 
Bound would varj wiih the mas* of the anvil electrode and with the 
normtti pressure, between the electrodes. Two separate sets of ol)ser- 
Tations were made to observe the effecta of such variations bj Messrs. 
Jones and Dame> 

In all experiments of the nature of those under consideration. 
it is very difficult to get any fixed standard of quality to which to 
refer such results as the present. Different observers didtr to a cer- 
tAin extent in their estimate of the excellence of the quality reproduced. 
But the point at which the distinctive quality of the transmitted sound 
disappears is quite well marked, and a very slightly increased vibra- 
tion of the hammer electrode causes great harshness to result. For 
this rea$oD the name '' critical poiftt," originally Hug^'csted by Mr. 
Jones, has been given to this limit, and the excursion corresponding 
to it has been particularly noted in tests of the varying effects of mass 
and pressure. 

' The transmitter used had its anvil electrode suspended like a pen' 
dulnm, as l>efore. In order to vary the mass without varying the 
normal pressure a horizontal wire was snspended beneath the anvil 
electrode and rigidly attached to it. The middle point of the wire 
was vertically heneatb the point of suspeiiston of the electrode. The 
masses added consisted of small copper washers weighing 1 1 grams 
each. By adding two Of these whenever the mass was to be increased, 
and placing one on each side of the middle point of the horizontal 
wire, the mass of the electrode was increased, wbile the normal pres- 
sure remained substantially constant. 

The results of these experiments show that the valne of the 
excursion of the hammer electrode corresponding to the "critical 
point," and presumably, therefore, the excursion corresponding to any 
given degree of excellence in the reprodaction of quality, at first rises 
very rapidly as the mass of the anvil electrode is increased, but soon 
reaches a maximum value, which is not altered by further increase of 
mass. The rise appears to be less rapid when both electrodes are of 
carbon than when one or both of them are of platinum. Also, when 
both electrodes are of carbon or both of platinum, the maximum and 



n,g:,.-,;dtyGOOglC 



68 Fbocgedinqs of thb Society of Akts. 

permaDent excursioD at the critical point is considerably less than 
wbeo the hammer electrode is of platinum and the anvil of carbon, — 
a fact which goes to explain the well known excellence of a micro- 
phone etnploj-ing these laBt BQateriaU. Further experiment ie desir- 
able, how ever, before fully accepting this ezplanatioo. Furthermore, 
voriationa in the surface and shape of the electrodes are likely to 
modify these values to a certain extent. 

A further series of measurements was made in order to ascertaiQ 
what effect was produced by a variation in the normal preasnre be- 
tween the electrodes. 

In order to do this, a wire was caused to project backward from 
the anvil electrode, and small weights were huug upon the end of it. 
The pendulum electrode with this projecting wire constituted a bent 
lever whose arms were easily measured, thus enabling the normal 
pressure due to a given weight to be calculated. 

It appears from these expwiments that the value of the excnr- 
sion corresponding to the critical point rises with increase of normal 
pressure, soon attaining a maximam and constant value. The pres- 
sure at which this maximum value was reached was greatest when both 
electrodes were of platinum, and least when the hammer electrode 
was of platinum and the anvil of carbon. When both electrodes were 
of carbon the value lay between these two extremes. The unexpected 
result was also reached that the value of the maximum excursion was 
much greater when both electrodes were of platinum than when both 
were of carbon. It was least when the hammer was of platinum and 
the anvil of carbon. 

A series of observations was also made upon the microphone of 
the Blake transmitter. These presented considerable difficulty on 
account of the construction of the parts of that instrument, and only 
a low magnification could be used. Three sets of measurements were 
taken, the flrst with a Very light normal pressure, the second with the 
ordinary pressure, and the third with a very heavy pressure. With 
this microphone in its proper coudition both electrodes moved. It 
was therefore necessary to subtract the excursion of the anvil electrode 
from that of the hammer, in order to obtain their relative motion. 
The results reached are given in Table IX. The total excursion of 
the hammer electrode, and its motion relative to the anvil, are given 
as nearly as they could be measured. 
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TABLE IX. 
BukKB Tr&hsiuttkr.— Electbodcs, Cakbon, Fiatindh. 
a. Light Normal iVesfure. 
Total EicDidDn. HelatlTe Oicnnlun. Chwoctet of Sooiul. 

<25 X lO-" Good qnallty, very fatnt 

50 X ID-* 25 X 10-* " " clear. 

100 X lO-" 60 X 10-* Overtones strong. 

b. Jfediuni Normal Prewure. 

<25xio-' Good qoolltj, Terr f&lnt. 

75 X 10-* «6 X :0^ " •' clear. 

100 X 10-* 60 X 10-* Oiertoues stroDg. 

c. Heacj/ Normal Pressure. 

<35 X 10-* Good qoallty, very (Hint. 

100 X 10-* 26 X 10-* '• " cleat. 

160 X 10-* 60 X 10-* Overtones strong. 

These results, although of only approximate exactness, are int«r- 
esliog, as they show one cause of the escBllence of the Blake trans- 
loitter in practice, in that the mode of support of the electrodes allows 
of very considerable variations in the absolute motions of both of 
tliem without material change in their relative motions. 



MEETIMG 410. 
A Courte of Jhtlruction in Highway Engineering. 



The 410th meeting of the SociETr of Artb vraa held at the 
Institute on Thursday, January 22nd, at 8 p. ii., Frof. G-. F. Swain 
in the chair. 

After the reading of the records of the previous meeting and the 
election of members, the chairman introduced Prof. C. F. Allen, of 
the Institute, who read a paper on "A Course of Instruction in High- 
way Engineering." 
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Prof. Allek said : What ie the valne and wherein lies the advan- 
tage of a good road ? One answer to thia query may be found in the fact 
that about one hundred years ago it cost $5 to haul a barrel of flour 
150 mileB over the imperfect roads characteristic of that time ; today 
OD the railroad, the perfection of roads, a barrel of flour can be car- 
ried from Chicago to New York, a distance of 1000 miles, for the 
small sum of 50 cents, or one-tenth the money, although the distance 
b more than six times as great. In other words, Chicago is for com- 
mercial purposes nearer to New York than was Stamford one hundred 
years ago, and the farming lands of Minnesota, then quite valueless 
because inaccessible, are today of greaier importance and value tbao 
most of the farming lands of New England. Between two roads of 
the ordinary kind, one good and the other bad, a difference of a simi- 
lar character exists hut in smaller degree. If the road is improved 
so that a horse can draw two barrels of flour where before he hauled 
one, then for any given amount of traffic it costs no more to ship gocxis 
a distance of 20 miles than it had formerly cost for 10 miles. The 
effect of good roads is not felt commercially alone ; but socially and 
politically they are at least of equal importance. In the opinion of so 
eminent a writer as John Stuart Mill it vpas largely to her roads that 
Rome through many centuries was indebted for the dominion of the 
world, and neglect of the means of sure and swift communication 
was no unimportant pan of the reason why Greece failed of universal 
empire. In modern times, again, Spain furnishes an example of had 
roada and of waning powers, while Switzerland, in spite of mountain- 
ous and sterile lands, is prosperous in consequence of good roads for 
internal communication. Roads are, in fact, essential to provide the 
very necessaries of life. Native tribes in uncivilized lands are con- 
stantly exposed to the dangers of starvation, while in civilized regions 
famine is practically unknown, — a change of conditions due largely 
or wholly to improved means of communication. 

It then becomes pertinent to ask : What is the condition of the 
roads of the United States? Close about us in the prosperous cities 
and towns of New England such attention is paid to the subject that 
roads of a disgraceful character are not common, although the oppor- 
tunity for improvement is great. " In the Western wheat region," it 
is stated in the Tenth Census of the United Slates, " according to the 
s received, it costs the ordinary farmer more to carry a bushel 
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of wheat a mile thitn it does the ordinarj railroad to carry a too ; aad, 
couBequently, when we get west of Lake Michigan it rarely pays to 
grow wheat more than twenty miles frooi rail or ivater transportation," 
On a good " Macadam " surface tliere can be hauled about four tiines 
the load possible on an ordinary dirt road. Owing to the increased 
lahor of hauling ou poor roads, it is estimated by Prof. Jenks, in his 
" Road Legislation for the American State," in a computation based 
on the number of horses in the slate, " that the cost of poor roads to 
such a state as Illinois is more than $15,000,000 per year." 

We gather in such ways some idea of the importance of good 
roads. It is not enough, however, in order to justify the establishment 
of a distinct coarse of instruction in Highway Engineering, that we 
are able to recognize the importance of good roads. A school of 
engiueering should, it is true, be proud to lead engineering opinion 
and practice, but it is not called upon to lead unless some one stands 
* ready to follow. It is requisite that public attention should be suffi- 
ciently aroused to recognize that good roads are of the greatest impor- 
tance, and that instruction in Highway Engineering, aa a special 
feature, is a definite need. Of the fact iJiat increased public attention 
is being given to this subject, there Is abundant evidence. While little 
in the way of permanent results has so far been reached, yet there have 
been vigorous efforts towards improved highway legislation in several 
of the states at the Union, — New York, Pennsylvania, and Massa- 
chusetts being among the liumher. Looking at the matter from a dif- 
ferent standpoint, it is found that within the past year two sets of 
competitive essays upon roads and rood building have been prepared, 
with priees aggregating $1000 or more. Within the past year, 
also, there has been held, for the lirst time, a streeirpaving exhibition 
(in Indianapolis), and there has been established a monthly periodical, 
" Paving," devoted mainly to highway questions. The time, then, is 
ripe for devoting special attention to highway engineering as a branch 
of civil engineering, and, very fortunately, through the generosity of 
Col. Albert A. Pope, a favorable opportunity is offered at this Insti- 
tute, as funds are provided to do the work necessary to bring into 
suitable shape such a course of iustruction. 

Highway Engineering, at the outset, should he accepted as a 
branch of Civil Engineering, and it should be recognized clearly that 
a suitable foundation of preparation in civil engineering studies is 
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Msentiftl. It is as necessary that a knowledge of the specialty Bboald 
rest npon a thorough gronndiog in engineering as it is that a load of 
Kacitdam's broken slone should have a suitabie bed to rest on. Mad 
will Dot serve the purpose. 

Leaving ont of consideratton the question of suitable genera) 
preparation, what should constitute the course of instruction in high- 
Way engineering proper ? In beginning the treatment of roads it 
seems appropriate that some reference should be made to their impor- 
tance, commercial, social, political and military ; brief attention should 
be given to what is known of the earlier history of highways, of the 
existence of ancient roads in Mexico and Peru, and among the Egyp- 
tians and Carthaginians ; of the Roman roads, some of which are still 
in tise ; of the older English roads, and the earlier inferior methods of 
repair, not dissimilar to what can be found in the back regions of our 
own country. 

The early improvement of English roads was due largely to the 
efCorts of Macadam and Telford, wlio were contemporaries ; Macadam 
coolining his attention to the improvement of the surface, while Tel- 
ford, who was an engineer of prominence, was called upon for the 
broader duties of establishing systems of highways covering large 
sections of country, and of locating the roads to be included in the 
systems, as well as improving the surface. Even in tJie latter art Tel- 
ford appears to have been the equal of Macadam. Our highway 
engineers should then be fitted to pursue the broader duties entrusted 
to Telford rather than confine themselves to the narrower field so 
admirably filled by Macadam in his day. 

It is not improper that reference should be made very briefly to 
the earlier roads and highways of this country ; the development of 
turnpike systems ; the influence of canals, and the inauguration and 
growth of the railroad, the ideal highway. Attention may well be 
called to the fact that in this country the railroad enters new lands 
and develops new territory, the wagon road following to supple- 
ment the work of the railroad; while among the older nations the 
wagon roads commonly developed a section of country to a point where 
the advent of the railroatl became a necessity ; and that this difference 
of conditions has had its effect upon the quality of roads esistingin the 
different countries. Our highway engineer, our future Telfonl, should 
be competent to mark out the main lines of highway needed to develop 
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any given section of country' ; he should have the requisite skill to 
locat« them in detail ; he ought to understiiD<l the principles of 
thorough and economical constructioo ; he should be capable of supply- 
ing a suitable covering or wearing surface of road, and of maintaining 
it afterwards ; and the instruction provided should be directed towards 
those ends. 

It will be convenient for our pnrposes to make a distinction 
between roads and streets, although the two have many points in 
common. We may consider a road as a " track for travel, fonnitig a 
communication between one city, toivn, or place, and another," this 
being Webster's definition ; while a street may be defined as "a track 
for travel within a city or town." Then, taking up the subject of roads, 
we may investigate the requisites of a good road ; first, as to its expense 
or economy ; second, as to its shape or cross section ; third, surface or 
finish ; fourth, direction or alignment ; fifth, grade or inclination. 

It may be well to briefly explain what is meant by the item men- 
tioned as "expense or economy." In connection with railroads it is 
customary to devote considerable attention at the present time to the 
subject of economic location, and the elements of economy which enter 
into the consideration are (a) cost of construction ; (S) cost of main- 
tenance; (c) cost of operating; (d) amount of revenue. A proper 
economy requires that tlie amount of revenue, less the sum of cost of 
operating, cost of maintenance, and interest on cost of construction, 
shall be as large as possible ; this constituting the profit. The study 
of roads, their location and construction, should likewise include a 
proper consideration of the same elements. The problem is not tlie 
same in the case of roads as of railroads. With roads no revenne is 
received, except in the case of toll roads. The town or county, the 
owner of the road, does not operate it, — that is, does cot haul the 
traffic In spite of this, it is true, nevertheless, that the public, which 
nses or operates the road, pretty well represents the town or county 
which is the owner, and the public does in effect receive the toll which 
it is freed from paying, so that the same general principles closely 
apply, although there are not satisfactoay data in the caee of roads to 
allow any refinements of calculation. In the case of roads, as in the 
case of railroads, we can properly spend a large amount of money if 
this will cause a decrease in the annual cost of maintenance, or if a 
larger load can he drawn by & unit of power, or if a larger traffic will 
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be accommodated. It ig important that tbese elemeDts should eDl«r 
into the COD side ratio D, aod that the student should be led to appre- 
ciate their importance and be furaished with sueh data as are available, 
to aid him iu forming a correct engineering judgment in such eases. 
With alt moderD engineering it has become essential that economy 
should be considered, aa well as the safety and fitness of any structure 
for its intended purposes, and all engineering inatructiou should recog- 
DJee the importance of the economic featurasi 

In connection with the shape or cross-section there would 
naturally be considered the width, and this in geueral may be liberal 
for the total width, but should he narrow for the wagon road proper, 
inasmuch as money spent iu unnecessary width could be better used 
in providing broken stone instead of gravel, or in graveling an addi- 
tional length of earth road. The form of wagon way, too, is a question 
about which there exists a difference of opinion, some favoring a uni- 
formly rounded section, while others prefer straight slopes on each 
side with very slight rounding at the center. The subject of drainage 
of the road may properly be considered iu this connection, and very 
thorough attention should be given to It. There is no feature of road 
building more important than the drainage, and the whole subject may 
well be treated in detail, tile drainage us well as ditches receiving 

The requisites as to surface or finish are that the surface shall 
be hard and smooth. The effect of protuberances may be considered, 
as well as the effect of a soft or yielding road. Very many eiperi- 
ments have been made upon the resistance to traction upon various 
qualities of surface, at various speeds, and with various kinds of 
vehicles, and the student should be furnished with a complete table 
of the results. that have been reached, showing, among other things, 
by whom the experiments were made. 

Id the matter of direction or alignment attention should be called 
to the advantages possessed by straight roads for purposes of transpor- 
tation aa distinct from pleasure driving, and to the fact that for most 
purposes the straight road is preferred, unless distinct ailvantage from 
our standpoint of expense or economy wilt be secured by some devia- 
tion ; and this consideration leads naturally and directly to the question 
of grade or inclination. While our knowledge of the resistance due to 
the hardness or softness of th« surface is experimental and subject to 
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some uncertainty, the resistance due to grade can be determined with 
mathematical accuracy, acid the combined effect of the t\ 
should be studied, as well as the mathematics of grade n 
It is found, too, that there are practical limits of grade, both maximulb 
and minimum, beyond which especial disadvantages are encountered, 
the lower limit hinging on the question of drainage, and the higher 
limit being reached at a poiat where a wagou will slowly roll down 
hill by its own weight. 

Having investigated the requisites of a good road, we are in 
position to discuss various matters connected with the subject, as fol- 
lows : first, location ; second, workmanship aud materials ; third, 
maintenance ; and fourth, legislation. 

It is considered advisable that the course in " Highway Engineer- 
ing " should be allowed to follow rather than precede the study of 
Railroad Engineering. In such case the amount of time and atten- 
tion given to the subject of location need not be as great as would 
otherwise be necessary. The principles would be essentially the 
same as those with which the student has already become familiar 
in connection with railroads. The reconnoissance, the preliminary, 
and the location surveys, will follow in the same order and be con- 
ducted upon the same basis, except that there will be a. difference in 
some important details. For instance, very much sharper curves can 
be used upon highways than upon railroads. A curve of 50 feet 
radius upon a highway would in general be considered not more disad- 
vantageous than a curve of 500 feet radius on a railroad. Again, for 
a short time a horse can exert several times the power that he can 
uniformly maintain, and the application of ihe principle of maximum 
grade will thus be somewhat diflerent. The instruction in location, 
therefore, can be confined mainly to a description of the difference 
between the work of railroad location and that of highway location, 
although examples of highway location should be shown, and problems 
in contour location given the student, to be worked out in detail. 
The subject of location is regarded as important aud not to be treated 
lightly, although the time required will be small after railroad location 
is well understooil, 

.Under the head of workmanship and materials, we are brought 
directly to the subject of construction, and the student should have 
his attention called, here or elsewhere, to certain steps that are 
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necesaary previona to comtructioii : the procuring of land and the 
methods by which it may be secured ; something of the eas«atials of 
deeds; what is meant by the Bight of Eminent Domain, — what it 
ist and in what cases it may be made use of ; together with some other 
matters of a similar sort. It is possihle that engineers have been too 
apt to confine their attention solely to engineering features, and have 
failed to consider legal difficulties, which of right often enter into the 
engineering problem ; and a brief reference to the above points as well 
as to the essentials of a contract would prove a very useful part of the 
course of instruction. 

Construction proper would lead to a discussion of the methods of 
conducting the work of excavation and embankment, — by scraper, by 
cart, by wagon, or by the road-grading machines which have been 
successfully used in many places. The advantages of a road buUt 
in horizontal layers can be pointed out ; then come methods of pre- 
venting slips on side hills by cutting the foundation into steps, or by 
the use of retaining walls, although the latter have application for other 
purposes thau that mentioned. In this connection, merely as a meas- 
ure of economy, some of the time that would otherwise be necessary 
for this purpose can be saved by preparing and providing drawings 
illustrating the different methods of sustaining embankments or the 
sides of cuts, which have been used in this country and abroad, so that 
the student may be provided with a fund of information in the shape 
of drawings, to which he may refer from time to time, when difficul- 
ties present themselves to bim in his practice after graduation. There 
are many other structures to which the student's attention should be 
called, such as culverts and bridges, for the purpose of crossing 
streams or railroads, and here again a set of drawings representing 
different types of structure can hardly fail to prove of great value, 
as a working outfit adapted to future practice. The instruction in 
(he details of su''h structures would form properly a part of a course 
in bridge construction, except so far as the preparation of the roadway 
surface is concerned. It is believed that insufficient attention has 
been paid heretofore to the preparation of the roadway surface of 
highway bridges. 

In the consideration of roads and pavements, the road-covering 
or surface has usually attracted the most attention, and probably in 
many cases more than its fair share ; a failure to undernlraiQ a road 
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may render it difficult or impoasible to m^ntain a satisfactory surface. 
The road -cove ring, or surfiice of rouda (aa distinguished from atreels), 
should be taken up in detail, and may lie conveniently treated in the 
following order : first, earth ; second, corduroy, plank, and charcoal i 
Uiird, gravel ; fourth, miscetlaneous; fifth. Macadam ; sixth, Telford ; 
seventh. Macadam and Telford modified ; while the consideration of 
pavements may be postponed until the subject of streets is reached. . 
The subject of earth roads is to receive more than passing attention. 
If it be possible by drainage, by rolling, or in any thoroughly inezpen* 
sive way Co greatly improve the earth roads, which are the prevailing 
roads in the United States, a vast amount of good must result from it. 
It should be the aim of the instructor to gain, in every way possible, 
data touching the improvement of the ordinary earth road by means 
less expoDsive than the addition of gravel or broken stone. A serious 
difficulty in securing good roads exists in the fact that many commu- 
nities feel themselves unable to incur the expense necessary to produce 
even a good gravel road. 

Id this immediate neighborhood the corduroy, plank, and char- 
coal roads are matters of no great interest, but in many sections of this 
country they have been found useful, and have served their purpose 
well ; and, as a young engineer is something of a migratory animal, 
it is proper that he should have a brief introduction to these forms of 
road. When something better than the ordiuary earth road is re- 
quired, recourse is generally had to the gravel road, and gravel roads 
may l>e found in abundance through the villages and towns of New 
England, as well as in the minor streets of many cities. There are 
different methods of applying gravel ; there are different qualities of 
gravel to be applied. Sometimes, as in Central Park, the gravel is 
laid on a foundation of stones on edge, sultstantially the Telford 
foundation ; and not only should the student be well informed as to 
these matters, but be should also be provided, as before, with draw- 
ings, showing the cross-section and construction of existing roads, and 
of standards recommended. Before passing to broken-stone roads, the 
miscellaneous class can properly be touched upon. It includes various 
constructions of occasional, special, or local availability, such as the 
use of shells, coal slack, or furnace cinders. 

For the ordinary highway the practical perfection of road surface 
at the present time may be considered to be the broken-stone road, 
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whether in the form of Macaditm or of Telford road. The student 
should be made acqnaiDted with ibe exact processes and principles of 
Macadam's construction, the size of stone, tbe method of breaking, 
the metbod of compacting, the precautious to be taken, the special 
metbode of use, and applications under various circumstances, Tbe 
Telford road can well be described by calling attention to the points 
in which it differs from the Macadam road. The original specifica- 
tions as drawn by Telford are available and should be furnished the 
student. The requisites for a broken-stone road should be carefully 
investigated, also tbe quality of material of stone to be sought for ; and 
particular directions given how to proceed to secure this in actual 
practice. Methods of testing can be described, and an opportunity 
should be given tor the students themselves to conduct such tests. 
Apparatus specially adapted for such purpose should be provided. By 
a grinding wheel the wear of a standard specimen and of the stone to 
be tested can be determined, the comparative loss of weight measur- 
ing the ability to resist wear. This method of testing is, however, 
better adapted for paving blocks than for broken stone. For the lat- 
ter, a belter method is to enclose specimens to lie tested in one cylinder, 
the standard specimens in a second cylinder, together with iron cast- 
ings, an equal amount in each case, and after revolving the cylinders 
for a given length of time, and through an equal numfier of revolu- 
tions, to observe tbe loss of weight iu the test specimens as com- 
pared with the standard. Tbe lest for ibe action of weather has 
often been made by the use of sulphate of soda, not altogether suc- 
cessfully, and it seems reasonable to suppose that more satisfactory 
results can, at the present time, be reached by taking advantage of the 
fact that apparatus for artificial freezing is in constant use throughout 
the year in Boston, and probably in many other cities of the country. 
The ordinary testing machines can be brought into use to measure the 
resistance to crushing. Tbe student should be made to understand 
that all artiticial tests are imperfect when compared with the perfect 
test of trial in the road, but that as a preliminary, and in connection 
with tbe actual test, the artilicial tests should prove of practical as well 
as scientific value. It should be understood, of course, thai with suit^ 
able apparatus provided, and with tests conducted, not alone for the 
students' benefit, but also in connection with work in progress, results 
of not a little scientific value would gradually and in time be secured. 
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Little has been doDe iq this country, up to the present time, in the 
direction of testing road materials. French engineers have, however, 
acquired considerable useful data of this sort, and there would appear 
to be no reason why such data should not be made available for com- 
pilation with any results obtained in this country. 

The student's attention should be called to the difiEerent methods 
of stone brealcing ; to the superior quality of stone cracked by hand 
over that crushed l>y machine, although the latter is commonly used 
on account of its lower cost ; lo the cost of the stone broken in differ- 
ent ways ; to the advantages and relative freedom from repair of the 
different kinds of crusher; and to the arrangement of the stone-crush- 
ing plant in order to avoid rehandling material, and thus secure 
increased economy. An excursion to a sione crusher in operation 
will make clear many points that any attempt at description would fail 
to reach. 

When the student well understands the Macadam and Telford 
roads, strictly considered, it will be proper that his attention should 
be called to the modifications of Macadam and Telford road that are 
common in this country ; to the fact that little or no pure " Macadam " 
road is dow laid, because it is found better to use screenings from the 
stone crusher, or some other binding material to cover the broken 
stone previous to the final rolling, white Macadam was strenuous in 
his objection to tlie use of any binding material whatever. The 
dilferetice between the original Telford and the present Telford roads 
is less marked, the arrangement of the layers of different sizes of stone 
being the principal feature, if we except the difference in the method 
used for compacting the road material. Some notice also should be 
taken of other methods of laying the foundation stones, since some advo- 
cate laying the stone flat instead of on edge. It is believed to be im- 
porrant that the student should be informed of bad methods of work in 
order that he may avoid them, as well as of good methods that he may 
adopt them. It is possible that Macadam's objection to the use of 
binding material may have been proper when the road must of neces- 
sity be compacted by traffic rather than by rolling, for road-rollers 
were not used in IMacadam's time, horse rollers comiug into use in 
England about 1840 and steam rollers somewhat later than 1860. 
We are thus naturally led to the consideration of the subject of road 
rolling, an important subject which deserves and should receive some- 
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thing more than pHssiog notice. The diaad vantages of traffic com' 
pacting should be tivreh apon somewhat in tjetail ; as being cruel U) 
horses, obstructive to traffic, rninoiis to vehicles, wasteful in its wear 
of the broken stones, as net) as objectionable in other features, while 
experimeDts made in this country and elsewhere can be cite<i to show 
tliat the main advantage in rolling is that the road wears better. It 
can be shown, as the result of esperiments, that better wearing roads 
are secured by steam rolling rather than horse rolling, and by horse 
rolling rather than traffic compactiog. Different forms of rollers can 
he described and photographs exhibited to better illustrate them, while 
opportunities are afforded from time to rime in any large city to see 
them in action. The subjects of rolling and the use of binding mate- 
rial are properly discussed togetber, and there are differences of opio- 
ioD among competenl engineers as to the quality of binding material 
to be need, while an occasional doubt is expressed as to the advantage 
of steam rolling. lu connection with broken-stone roads, drawings . 
showing the arrangement and thickness of typical roads actually exist- 
ing should be prepared, and it would probably be of advantage to pro- 
Tide, in suitable boxes with glass fronts, samples of broken stone 
arranged in the proper way to illustrate the Macadam and Telford, as 
well as later American roads. The subject of country roads should 
receive very careful consideration, and data as to the cost of various 
kinds of surface should be compiled, since a serious obstacle to the 
improvement of country roads lies in the expense necessary for their 
(lonstruction. 

The subject of streets should nextreceive attention, and we should 
study, to begin with, methods of laying out cities. Boston cer- 
tainly is not a good example to follow, nor is a rigid adherence to 
the rectangular system desirable, although this is the system very 
largely adopted. The student's attention should be directed to the 
radiating system combined with rectangular, well illustrated in Wash- 
ington and Indianapolis, maps of which cities should be exhibited. 
The requirements of drainage should be considered, the streets arranged 
with reference to the contour of the surface, and the student cautioned 
against any rigid rule that should in all cases lead to the adoption of 
true north and south lines and tru% east and west lines for the direc- 
tions of the streets. Some foresight as to the necessity for sewers, 
water and gas mains, will often result in providing alleys of liberal 
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width and suitably arranged, bo Chat the greater part of these uoder- 
groiind structures shall be carried througli the alleys rather than iu 
the streets, which cati thns be kept in good condition. In this way- 
it is possible to avoid the very serious difficulty which results from 
disturbances of the streets necessary for renewals or occasional repairs 
of the pipes or sewers. 

It is evident, then, that the municipal or highway engineer who 
is called upon to lay out a city shouUI be something more than a sur- 
veyor, — should be something more than a road builder ; he must almost 
of necessity depend, to a considerable extent, u)>on a broad and 
general foundation iu civil engineering. The student should have 
his attention called to the bearing npon this subject of his instruction 
in surveying, in topography, and in sanitary and hydraulic engineer' 
ing, as has previously been done as to the bearing of railroad engi- 
neering, of bridge engineering, and of the theory of structures, in con- 
nection with location, highway bridges, and retaining walls. Some 
instruction should be given as to the best method of fising and defining 
the grades and lines of streets, and drawings should be provided illus- 
trating these methods and furnishing samples for guidance as to the 
proper style to be used in making otRoe plans. Various interesting 
problems occur in connection with the street grades. An instance 
is when the two curbs are at different levels, and more particularly at 
the intersection of two streets, one or both of which have BI«ep grades. 
At this time, too, it is not inappropriate to call attention to the excel- 
lent practice prevailing in some cities, of making the side slopes 
steeper when the longitudinal elope is greater, in order to carry the 
water more promptly to the gutters. 

The surface of streets should next be considered in detail. The 
materials for the surface mould include most ot those used for roads, 
together with various others, such as cobble.«tone, stone block or 
Belgian, wood, brick, asphalt, tar concrete, cement concrete, and some 
miscellaneous materials. Before describing the different kinds of 
pavements, it is proper that we should understand what are the requir 
sites for a city pavement. For instance, it is desirable that the pave- 
ment should be smooth, though affording a good foot-hold for horses, 
free from mud and dust, noiseless, water-tight, readily cleansed, easy 
to re-lay satisfactorily, as well as inexpensive in lirst cost and in 
, While no known pavement full; satisfieB all these condi- 
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tiong, yet nearly every kind of pavement has some aiivantagea, and 
the student should be made acquainted willi the good features of even 
those pavements which are generally regarded as inferior, and with the 
objectionable features of those most favored. For example, the old- 
fashioned cobble-Btone pavement is passing out of general use and the 
stones sent to the crusher to be broken up, yet it is regarded by street- 
railroad managers as superior to all others for paving between tracks, 
on account of the foothold afforded to horses. Among Its iuferior 
qualities the roughness for traction may be mentioned as among the 
reasons which have led to its falling into disuse. Something of the 
same sort may be said as to the rubble-stoue pavement. A considera- 
tion of gravel and broken-stone roads will show that they afford 
considerable mud and dust, and in many ways fail to meet the require- 
ments, although for general driving, or for park purposes, they are 
still regarded as superior in spite of their imperfections. Considerably 
more extended notice may be taken of the stone block or Belgian 
pavements, inasmuch as there are many varieties, the stones var_ung 
noticeably in sise and quality ; and it may be well to trace the prog- 
ress, or the changes made in the stone-block pavement used at dif- 
ferent periods, and the causes of these changes. Attention can be 
called to the quality of material that it is ordinarily desirable to use; 
and there is no good reason why samples of clean, washed gravel, and 
of gravel having foreign material mixed with it, should not be shown 
the students to give them a clearer idea than would be reached from 
mere description. The method of laying the stones at street intersec- 
tions, where the herring-bone fashion is sometimes used, may form the 
subject of a description and of drawings as well. Some reference 
should be made to those abnormal arrangements of Lloclcs where the 
even surface is not maiutAined, but the stones are laid with the joints 
inclined in order to give better toot-hold, as well as to other methods 
in which the rectangular section of block is not maintained. The 
student should especially have his attention called to the fact that 
modern highway engineering is disposed to regard the body of the road 
as composed of two principal essential parts, the foundation and the 
wearing surface; that the quality of fouudation may vary from ordi- 
nary earth well prepared upon the one hand to a layer of concrete on 
the other, present practice inclining to cement concrete for heavy traffic. 
The wearing surface used may be of any of the materials, except earth, 
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that bsve beeu mentioned, — gravel, broken stone, Btone pavement, 
wood, brick, or asphalt. While there are a fen exitmples about 
Boston of Btone-block pavement with concrete foundation, a deecrip< 
tion should be given of the verv superior pavement which has been 
used in London with great eucceBs, and with. equal success in some of 
our American cities, in which the foundatioD is a layer of about 6" of 
concrete, while the wearing surface is composed of etone blocks, care- 
fully laid, the joints tilled with a mixture of pitch tar and what is called 
creosote oil, forming a cementing substance which renders the joints 
water tight, and gives the pavement almost a monolithic character. It 
should be pointed out, too, that the ease of traction that has followed 
this construction must be due to the evenness of fractnre in the paving 
blocks as well as to the method of putting them together. 

Neither will it do to neglect tbe claims of wood pavement, al- 
though this has come almost absolutely into disuse in the East. lu 
some parts of the Wi»t, wood pavement is now used very extensively 
in spite of the fact that it decays quickly and wears out in a few 
years; but the student should be led to see that a pavement which 
can he put down for 80 cents per yard can be replaced after a few 
years with no greater cost in the aggregate than a more durable per- 
maneut pavement, which would cost $4 or'upwards per yard. The 
experience in the use of preservative processes for wood pavement 
can profitably be recited, and the various forms, patented or otherwise, 
which have been used for wood pavements cau be shown to advantage 
by a aeries of drawings. The lanitary features should, of course, be 
spoken of in connection with the subject, as well as the means adopted 
to overcome the difficulties incident to the swelling and sbriukiiig of 
the wood due to the presence or absence of moisture. Another form 
of pavement used very little in New England should receive cou- 
sidei^ble attention ; this is brick pavement, which is quite largely 
used in some parts of tbe South and among the Western cities. The 
many good qualities which recommend it should be mentioned, as well 
as the objections, the most important of which at present appears to 
be the difficulty of securing bricks of even quality and sufficiently 
hard and tougb to serve tbe purpose. A compilation of the results 
of various tests of paving bricks would prove of value, and it would 
probably be well to gather statistics as to success or failure and the 
attending conditions, by inquiry of the city engineers of those cities 
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which are known U> have used brick pavemeQt. Th«re would appear 
to be no other meaiiB of determiiiiDg the value of this kiud of pave- 
ment, because the experience has not been uniform, many engineers 
having used it very successfully, while in other cases results have not 
been satis fae to ly. The brick pavement in Winter Street, Boston, 
which lasted only about two years, is a case in point. 

The various forms of asphalt pavement should be next de- 
scribed, und asphalt distinguished from tar concrete. The methods 
of preparation of the asphaitic cemeut can be explained, as well aa 
the difference between natural asphaltic rock and the asphaitic cement 
just referred to, prepared perhaps from Trinidad asphalt. It is 
not proper that the subject of asphalt pavements should he treated 
otherwise than fully, as probably the finest paved streets in the 
country have asphalt surfaces, while the opportunity afforded for an 
instructive and interesting lecture on this subjecl will readily be con- 
ceded by those who were fortunate enough to listen to Captain Greene's 
paper before this Society a year or more ago. 

A careful comparison of the different qualities of pavement de- 
scribed lias been made by boards of experts, while many special com- 
mittees of cities have rendered reports upon the same subject, so that 
there is considerable material as to the comparative merits of the 
different pavements, and this can be placed before the students, in addi- 
tion to such criticism as the instructor may himself see lit to make. 

The facts that asphalt is expensive and in wet weather slippery ; 
that wood is perishable and absorbs impurities ; that granite blocks are 
very noisy and less favorable to traction, give ample opportunity to 
compare the merits of various classes of pavements, with a resulting 
conclusion perhaps that no single pavement is superior under all condi- 
tions, and that a knowledge of the good and bad special features of each 
will allow engineering judgment to reach proper results in most cases. 
Statistics as to cost can without difHcuIty be compiled, aud although 
the conditions prevailing in different cities would affect these some- 
what, the results obtained should prove of interest and value. 

The very important subject of maintenance of roads and streets 
should perhaps be left until this time, although it is possible that it 
may he taken up to better advantage somewhat earlier. There is no 
doubt very much in relation to the maintenance of roads that can he 
learned only by experience, and perhaps less of detail can profitaNy be 
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t&ught in this cotinection than in cooDection with the constructiou of 

roads, NeveribeleBa, there are many matters of principle, and some 
matters of detail, that should certainly be alluded to. It is probable 
that the worst defects in many of our American roads are due to 
inferior methods of maintenance. It is claimed by some of our best 
American road engineers that in the construction of broken-stone 
roads we are in no degree inferior in ability to the French or Eng- 
lish, but it 13 doubtful if an equally favorable claim would be made as 
regtirds maintenance. It is probable that from the French we may 
secure the best information as to systems of maintenance, although 
without question there can be obtained from English engiaeers 
and road builders mnch data in detail that would be of great advan- 
tage to uB. The claim as to the excellence of construction in this 
cooDtry refers, of course, only to the best constructed roads. Of the 
inferiority of the average American road there can be little doubt. 
How much instruction should he devoted to the subject of maintenance, 
and just what should be the character of that instruction, can belter 
be determined after a more careful study o£ the methods in force in 
foreign countries than the writer has been able to give to the subject 
previous to this time. How satisfactory the results have been from 
the subdivision of the roads into sections, each under llie charge of a 
road supervisor, would be a proper matter to determine and bring to 
the attention of the student ; the amount of water to be used iu 
sprinkling, and the number of sprinklings per day; whether the road 
should have hue stuff added to it as soon as any appearance of wear 
occurs, or whether the road should be left uotil a patch of more sub- 
stantial matter can be added, — these are proper matters for discussion 
about which there are some differences of opinion. Unquestionably, 
much water in sprinkling tends to noticeably soften and weaken the 
material. 

Another question which has in general received loo little atten- 
tion, certaiuly in the few text books which exist on the subject, is that 
of sidewalks, foo^path8, curbing, and tlie paving of gutters, which form 
essential and important parts of the street. The student should be 
informed regarding the various kinds of material that can be used for 
sidewalks. Tar concrete, asphalt, and gravel are common to both side- 
walk and road, while ordinary brick, stone flagging, and artificial 
stone, of which Portlaud cement forms a part, are used only in con- 
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nectioo with sidewalkB. l^e merits of the different materials, and 
the compurative expense, will certainly prove of interest. It would 
prove advantageous to collect specimens, not only of different kinds 
of sidenatk material, bat of the various qualities of stone, brick, 
asphalt, and other material nsed in street paving. 

There remains, then, the subject of road legislation ; and in cod> 
nection with this subject it would be well to make some reference to 
the system of tolls, under which very many roads in this country were 
first constructed. In some parts of the United Slates toll roads are by 
no means infrequent at the present time, almost within the limits of 
cities of considerable size. The evil results from the system of work- 
ing out the road tax have attracted a good deal of attentioD, and should 
be spoken of. 

Some notice should be given to the efforts made and the laws 
proposed for adoption by the legislatures of Massachusetts, Pennsyl- 
vania, Tennessee, and other States where the subject has received 
special attention. Another subject in connection with roads that has 
occupied the attention of the law makers is the safety of highway 
bridges. Legislation on this subject is a matter of extreme difficulty, 
and it is easy to frame laws, and perhaps pass them, which are likely 
to prove of only questionable utility. A word of caution and the 
enunciation of certain principles that should not he violated in any 
such law may prove of value not merely to the student but to the 
State. 

The course of instruction which has been outlined and illustrated 
may he said to form the skeleton, which it is proposed shall be clothed 
with flesh, and which will then constitute the course in highway engi- 
neering at the Massachusetts Institute of Technology. Jt should not 
he understood that no iaatruction of this character has heretofore been 
given at the Institute. Such is far from being the fact. The outline 
which is shown above may he considered as the outgrowth of the 
course of instruction which has already been given at the Institute. 
llie course, however, is being amplified and perfected in many ways, at 
least twice the amount of time previously available being considered 
proper to be deioted to the subject, owing to its increasing importance. 
Through the generosity of Col. Albert A. Pope it has become possible 
to provide special apparatus, and to gather and arrange specimens, 
materials, and drawings, that would otherwise have been, for a time 
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at least, beyond our reach. Neither should it be uBumed that the 
course which we have held in view is incapable of improvement and 
development. New opportunities for effective instruction will surest 
themselves from Ume to time, and a general development from year 
to year can be considered as the almost oertaiu outcome. 

Id additioQ lo what has already been mentioned, it is proposed 
to supplement the systematic instruction by occasional lectures deliv- 
ered by practicing engineers who have made a specialty of highway 
engineering. 

There has already been found to be an increasing demand for 
municipal engineers, among whose most important duties should be 
the care of the highways. The demand for better highways, and for 
highway eagineers, it is believed, fully justifies the special attention 
that is proposed to be given to this Course of lastructioa in Highway 
Engineering. 



MEETING ill. 
AtumiHunt. 



The 411th meeting of the Societt of Abt8 was held at the Insti- 
tute on Thursday, February I2th, at 8 f.h., President Walker in the 

After the reading of the records o! the previous meeting and the 
election of members, the President introduced Mr. Alfred E. Hunt, 
President of the Pittsburgh Reduction Company, who read a paper on 
"Aluminum." 

Mr. Hunt said: The metal ainminum has certainly not been 
"damned by falut praise." On the contrary, from ray experience as 
the president of au aluminum manufacturing company which has been 
endeavoring for the past two years and over to sell the commercially * 
pure metals in the markets, and to introduce it into the arts and 
manufactures of the country, I have to state to you as my conviction 
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that one of the two chief difBculties eacounterei), and nhich today 
retards and restricts the wider use of the metal, ia the extravagant, 
erroneous, and in many cases mischieTously misleading, statements 
vhich have been made as to the properties of the metal, which have 
received wide circulation, not only through the daily newspapers, but, 
I am sorry to add, through many technical and soientilk; journals as 
well. The other difficulty is the almost equally widespread, and, bo 
far, equally extravt^nt and misleading, aeries of claims made by tbe 
inventors of processes for the manufacture of aluminuio at remarkably 
low prices, 

I shall endeavor in this lecture to correct some of these fallacies 
as to the properties of the metal, and also, in describing the miaerala 
in which the metal occurs and the methods of reduction which have 
beeu practiced, to explain the principal diOicalties which have thus 
far been encountered. 1 shall also venture a prophecy as to the suc- 
cess of cheaper methods of manufacture of aluminum in the future. 

Some of tbe erroneous statements regarding aluminum have had 
their origin in the fact that commercial aluminum is never chemically 
pure, and that until within the past eight years nearly all the alumi- 
num of which the properties had been described had at least 4 per 
cent — in many cases 6 or 8 per cent — of impurities. These materi- 
ally altered the characteristics from those of the purer metal, with not 
over 2 or at most 3 per cent of impurities, which is ordinarily sold in 
tbe markets today. 

The impurities almost always found in aluminum are silicon and 
iron. These two imparities are almost the only ones found in the 
electrolytically deposited metal, considerable amounts of any others 
being accidental and due to carelessness in manufacture. In fact, I 
hope to be able in the near future to say that tbe impurity consistB of 
the single one silicon, as we have already made many hundred pounds 
of aluminum, with oiilya trace of iron present, and tons of metal with 
less than -^ ol I per cent of iron. 

The silicon present in aluminum exists in two forms, one seem- 
ingly combined with the aluminum, as combined carbon exists in 
white pig iron, and the other in an allotropic graphitoidal modification.. 
These two forms of silicon seem to exert somewhat different effects 
by their presence in the aluminum, the combined form of the element 
rendering the metal much harder than tbe graphitoidal variety. The 
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combiaed liticon ordinarily preponderates, being from 56 to 80 per 
cent of the total silicon in the average metal of between 98 and 99 
per cent purity made by the Pittsburgh Reduction Company. 

For many pur^toses the purest aluminum cannot be so advanta- 
geously used as that containing 3 or even 4 per cent of impurity, as 
the pure metal is very soft and not so strong as the leas pure. It is 
only where extreme malleability, ductility, sonorousness, or non-cor- 
rodibility is required that the purest metal should be chosen. We 
shall probably find that for most purposes a small percentage of other 
elements tlmn silicon and iron are advantageously added in producing 
hardness, rigidity, and strength,— constituents that will not detract 
from the non-corroilibility of the metal as much as do these naturul 
impurities that come from the ore and apparatus, — additions that will 
give the aluminum a better color and greater strength and faardnesa 
with proportionately less sacrifice of malleability, ductility, etc 

Pure aluminum is white, with a decided bluish tint. This be- 
comes much more marked upon exposure, when a thiu film of white 
oxide on its surface prevents further tarnishing from the air, but 
seems to give, by contrast to the metal as a background, an enhanced 
bluish tjnt. I am sorry to hear ray good wife report this color as 
giving a decidedly pewtery appearance to the spoons and forks which 
we have had in almost constant daily use, for comparison with silver, 
during the past year and a half. The oxide which gives this decided 
blue tint may be removed by immersion in a dilute solution of hydro* 
fluoric acid, and then rubbing with chamois skin saturated with petro 

No one should expect the color of silver in aluminum, — especially 
of silver of the markets, which is given a decided yellow tinge with 
copper; for the natural color of aluminum is ditTercnt, and the addi- 
tion of copper, although making the metal a yellower white, does not 
entirety change its natural bluish-whit-e tint. The addition of small 
percentages of silver, chromium, manganese, vrolfram, or titanium, 
undoubtedly improves the color of aluminum, making it nearer to that 
of silver. 

Aluminum melts at about 1300° P., but becomes pasty at a tem- 
perature of about 1000° F., and indeed loses its tensile strength and 
very much of its rigidity at a temperature of 400° to 500" F., although 
this loss of strength is only while the metal is kept at the high tempera* 
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ture. It BervM as an anaealiDg operation, and reduces permaDently 
only the higher tensile Btrength produced by cold rolling or otherwise 
cold workiug the metal. Aluminum does not volatilise at any tem- 
perature ordinarily produced by the combustion of carbon, even though 
the high temperature be kept up for a cousiderable number of hours. 
It, however, absorbs a very large amount of occluded gases under such 
treatment. In the high temperature of the electric furnace, it is 
claimed that there is consideritble vo Utilization of aluiDinuni, and that 
small buttons of the metal have been found in and on the linings of 
the furnace. The Cowles people, however, have never been enabled 
to collect and commercially produce pure aluminum by their electric 
furnace, for the reason that the metal rapidly oxidises into alumina. 
It has only been by protecting the reduced totetal with an alloy of 
either iron or copper that they have succeeded at all in retaiuing the 
reduced aluminum. 

Under heat, the coefficient of linear expansion of f in. round 
aluouHUm rods of 98.50 per cent purity is .0000206 per degree centi- 
grade between (he freeiing and boiling points of water ; that of iron 
being .0000122, tin .0000217, copper .000017182. Multiplying this 
factor by f to reduce it to the Fahrenheit scale, we have .0000115, 
or an expansion of .00115 ft. on 100 ft. of aluminum raised 1° F. 
from 82". It is probable that the coefficieat of expansion of alloys oE 
aluminum is very close to that of tiu. 

The specific heat of aluminum is 0.2143, water being taken as 1. 
Tbe metal follows the general rule of metals, its specific heat being 
inversely as tbe atomic weight. 

By the method of Weidermano and Frane, taking silver as 100 
and copper as 73.6, unannealed aluminum of 98.50 per cent purity 
has a coefilcient of thermal conductivity of 37.96 ; and the same wire 
annealed, 38.87. In the same scale tin has a heat conductivity of only 
14.50, iron 11.90, steel 11.60, and lead 8.50. From this it is evident 
that, next to silver, copper, and gold, soft annealed aluminum is the 
best conductor of heat. 

It also stands next to silver, copper, and gold as a conductor of 
electricity. One yard of annealed aluminum wire of 98.50 per cent 
purity, .0325 inch in diameter, at 14" C, has .05484 of an ohm 
a yard of pure copper wire of same section having a resist- 
e of .0315 of an ubm. The electrical conductivity of silver being 
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taken at 100, aod copper at 90, pure annealed alumlDum has an etectri* 
cal conductivity of about 50. These facts, taken into conaideratioD 
with the lightneEB of the metal as compared with silver, gold, and 
copper, are already leading to a quite extensive use of aluminum in 
electrical apparatus. 

Pure aluminum, and indeed the electrolyticaHy made commercial 
aluminum, with less than J of 1 per cent iron, regularly put upon the 
market today, exhibits no appreciable polarity. Such metal has 
many advantages for compass boxes, or for cases for electrical appara- 
tus where non-magnetic properties are desired. 

The fracture of aluminum shows ordinarily hexagonal crystals, 
although the pure metal is very tough, and in breaking, by bending 
backward and forward, often appears distinctly fibrous in fracture. 
The lack of rigidity and hardness which the metal exhibits is a serious 
obstacle to its adaptability for many purposes, although both stiffness 
and hardness are very much increased by the addition of a few per 
cent of impurities or alloy, and are especially improved by cold-ham- 
mering, cold-rolling, drop-forging, or the like. For castings for sur- 
veying instruments, pure aluminum would l>e especially adapted were 
it not for its softness and lack of rigidity. It can be safely stated as 
a general rule that the purer the aluminum the softer and less rigid 
it is. 

Pure aluminum is, when properly ti^ated, a very malleable and 
ductile metal. It can readily be rolled into sheets j^g^fr in. thick, 
or be beaten into leaf nearly as thin as gold leaf, or be drawn into the 
finest of wire. Pure aluminum stands third in the order of malleability, 
being exceeded only by gold and silver ; and in the order of ductility 
seventh, being esceeded by gold, silver, platinum, iron, softest steel, 
and copper. Both malleability and ductility are greatly impaired by 
the presence of the two common impurities, silicon aud iron. 

Aluminum can be rolled or hammered cold, but the mela! is most 
malleable ai between 200° and 300° F., and should be heated to 
this point for rolling or breaking, down from the ingot to the best 
advantage, and even then considerable power is reijuired, fully as much 
as for hot-rolling of hard steel of similar section, although not nearly 
as much draft can be placed upon the rolls as in hot-rolling hard steel. 
Like silver and gold, aluminum stiffens up remarkably by working it, 
ing a great deal its hardness and its tensile strength, and decreae- 
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ing iu malleability and ducCilitj' ; it requires to be frequently aonealed. 
As compared with cold-rolliag soft eteel, it has been found practicable 
to give alumiDum about the Eame reduction in each pass as the steel, 
the atumiuum requiriog ou the average five annealingB where the steel 
requires but three. 

By hardening the metal by rolling, forging, drop-forging, stamp- 
ing, drawing, etc, it may be turned out very rigid, and will thea 
answer eicelJently for purposes where the annealed metal would be 
entirely too soft, too weak, or lacking in rigidity or elasticity. Espec- 
ially is thif true of aluminum alld^ed with a few per cent of titanium, 
copper, iron, silicon, or r.he like. The alloys do not show their io- 
creased hardness to anything like their maximum extent in castings, 
and, I am sorry to say, not at all in proportion to the increased brit- 
tleness. But when these castings are dro[i-forged, rolled, hammered, 
or drawn down, with only sufficiently frequent annealings to prevent 
the metal from cracking, the increased hardness shows ap in a remark- 
able degree. These properties have already become not only the 
subject oE a considerable number of letters patent, but also of estab- 
lished uses in the arts, and will, in future, add enormously to the 
applicability of the melal. 

To anneal aluminum, a low and even temperature should be main- 
tained in the muifle, — just such a temperature as will show an even, 
red heat in a piece of iron or steel placed in the muffle when viewed 
at twilight or on a dark day. The aluminum itself, however, should 
nut appear at all red at this temperature. A ready test of this tem- 
perature is that the metal has been heated enough to char the end of 
a pine stick, which will leave a. black mark on the plate as it is drawn 
across it. When the metal has acquired this temperature, it should be 
taken from the furnace and allowed to cool gradually. Very thin 
sections may be annealed by placing into boiling water, and either 
allowing to cool with the water or taking out to cool gradually. Of 
course, it is possible to anneal to any degree by lowering the tempera- 
ture to which the metal is heated below that specified by means of 
suitable appliances. 

Aluminum can be easily and readily welded by the apparatus of 
the Thomson Electric Welding Company. 

Until very lately the lack of methods for successfully soldering 
and hardening aluminum were two of the greatest drawbacks to its 



n,g:,.,;dtyGOOglC 



Meeting 411. 93 

iDtroduction for many purposes. I am glad to be able to say to joa, 
however, tbat both of these ditficulties. I believe, have lately been 
succeBsfuHy overcome. I have already oatlined to yon the method of 
alloying pure aluminum with a few per cent of hardening metal, and 
cold-rolling or otherwise working, as being ways out of the difficulty 
of its softness. The exhibitions of soldered metal will show you that 
aluminum can now be successfully soldered. These results were 
obtained by the use of the blow-pipe and with ordinary hard or soft 
solder, or with pure zinc, or with an alloy of zinc and aluminum, as 
the soldering metal. The novelty, which has just been covered by 
letters patent in one successful case, is in the soldering salt, which 
allows the solder to flow freely on the surfaces to be united, 

Sound castings of aluminum can be readily made in dry sand 
molds. The aluminum should not be heated very much beyond the 
melting point; otherwise it seems to absorb gases, which remain in 
the metal, preventing sound castings. In small quantities the metal 
CBD be best melted in plumbago crucibles ; but in large quantities it 
can be more economically melted in a reverberatory furnace with 
alumina or magnesia brick sides and alumina bottom. The furnace 
should have a tap-hole for drawing off the liquid metal into carbon- 
lined ladles. In no case need the metal be covered with a flux to 
assist in the fusion or (o form a covering of slag. lu fact, owing to 
the metal's lightness, the presence of any flux will tend to uosound- 
nesa, due to particles of it becoming entangled in the castings, 
while impurities may perhaps be added to the metal by the action of 
the iiux on the lining of the melting vessel. The molten metal flows 
readily, and not much larger gates are needed than for brass. The 
shrinkage of }- j in. per ft., which aluminum has, is considerably more 
than that of brass, which is about ^ in. per ft. The shrinkage can 
be reckoned ordinarily as about 2.26 per cent of the length of the 
mold. Wooden patterns made for brass, to give equivalent castings 
of aluminum, should be given three or four thick coatiogs of shellac. 

As to the corrodibility of aluminum, a great deal has been printed 
that is not correct. In the first place, aluminum is acted upon by the 
atmosphere, especially by moist atmosphere, and more especially still 
by moist salt atmosphere. The metal becomes covered by a very 
thin, almost imponderable, coating of oxide on the surface exposed to 
the atmosphere, which seems to protect it from further oxidation. 
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This coating is eo thin as oft«n to hardljp interfere nith anj polish, 
and it does not materially change the weight of the metal. It does, 
however, increase the bluish tint of the metal, as hefore explained, 
and gives it a leadish color. As compared with most metals, pure 
aluminum, nnder ordinary circumEtances, withstaiids the actiou o£ 
wind and weather exceedingly well ; and many uses to which the 
metal is now being successfully applied are based upon this fact. The 
presence of silicon in aluminum materially detracts from its power to 
withstand corrosion due to atmospheric influences. Metal with 4 or 
fi per cent of silicon very soon collects a thick coating at oxide upon 
it, if severely exposed. The tact that pure aluminum is not acted 
upon by boiling water or by steam has led to its use as a packing or 
gasket in steam connections, where lead and similar metals have been 
rapidly cut out (especially where the water contained notable amounts 
of sulphur acids), as in parts of steam and water pumps and difiicult 
steam joints. The New York Steam Company have found it a very 
satisfactory way of packing their leaky steam joints to put in first a 
layer of aluminum wire, without attempting to calk it much, adding 
another ring of the softer, but more easily corroded, lead on the out- 
side, which can be calked into place, making the joint steam-tight. 

Aluminum containing sodium is rapidly acted upon by hot water, 
the sodium being eaten out, leaving the aluminum spongy and porous. 
Aluminum is unaffected by either concentrated suphuric or nitric 
acids. Unfortunately, however, these commercial acids almost always 
contain some little hydrochloric acid, which rapidly corrodes the 
aluminum, the chloride of aluminum first formed being changed into 
Bulphate or nitrate, the free hydrochloric again acting more violently 
as it attacks the metal in a nascent state. 

Aluminum is not acted upon by carbonic acid, or carbonic oxide 
gases, nor by sulphureted hydrogen except at a red heat; but it is a 
peculiarity of the metal in a melted condition to absorb large quanti- 
ties of these gases, quite a portion of which is again excluded as the 
metal cools. But enough is left in the case of the sulphide to emit 
strong odors of the sulphureted hydrogen which has been occluded 
and imprisoned in the metal in cooling. This fact is a strong obstacle 
to a sulphide method of reduction of the metal, where the sulphureted 
hydrogen evolved would strongly impregnate the metal for a long 
time, even after several meltings. 
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Pure aluminum has neither taste nor odor, nor is it corroded by 
any substanceB ordinarily used in culinary operations, and it seems, 
therefore, especially adapted for cooking uteDBJlg. For spoons, forks, 
and large dishes, the meUil also is useful, although its color cao be 
improved, aod the metal made more rigid, by a slight addition of 

Aluminum is less acted upon than is tin or copper or silver by 
salt water, and even by such solutions in vinegar as the metal is liable 
to be subjected to in ordiuary culinary vessels. The salts of tin or 
copper thus dissolved are very poisouous ; but not ooly are the alumi- 
num salts that are formed less iu amount, but the acetate of alumioum 
formed resolves itself on boiling into either an insoluble sub-acetate 
or into pure alumina, neither salt having either taste or injurious toxic 
action. For these reasons, quite surely aluminum will have a large 
fature for cooking uteusils. A cooking skillet of aluminum has been 
in service for a year is my own household. 

Aluminum is found to withstand the action of organic secretions 
better even than sUver, and for many forms of surgical instruments, 
tracbeometer tubes, suture wires, and the like, and for forms for 
holding false teeth, the metal is already receiving very wide use. 
Many surgeons are having their instrument cases made of aluminum, 
it having the advantage that they can safely be washed clean with 
antiseptic solutions. It may be well for me to say here, however, 
that perspiration in handling polished aluminum does tarnish the 
metal, and that aluminum, like other metals, cannot retain a high 
polish with frequent handling. The natural acid solvent for aluminum 
is hydrochloric acid. Solutions of the caustic alkalies, chlorine, bro- 
mine, iodine, and Huorine rapidly corrode aluminum. Ammonia gas 
has very little action on the metal, except to turn it a gray color. 
Strong aqua-ammonia has a slight solvent action upon it. 

The specific gravity of aluminum, of course, is one of its most 
striking properties, — a property on which many brilliant "castles in 
the air " have been built. It runs from 2.56 to 2.70 ; structural steel 
IB 2.95 times as heavy, copper 3.60 times, ordinary high brass 3.45 
times, nickel 3.50 times, silver 4 times, lead 4.80 times, gold 7.70 
times, and platinum S.60 times as heavy. 

Pure aluminum is very sonorous, and varying qualities of sound 
are given by its different alloys. Unfortunately, just the right shape 
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for an alamiQam bell bas Dot yet been discovered. Tbe ordiuar)' 
forms give out aDything but an agreeable sound. 

Cast aluminum has about tbe ultimate streagth of cast iron ia 
teuaioD, but under compression it ia comparatively weak. 

The following table gives tbe average results of many tests of 
alumiaum, having about the following composition: Alumiuum, 97 
' to 99 per cent; silicon graphitic, 0.10 to 1 per cent; silicon, com- 
bined, 0.90 to 2.a0 per cent ; iron, 0.04 to 0.20 per cent. 

TenaioD testa. Caitlnt^. Elbeet. Wire. Ban. 

Elastlcllmltpersq. ln.,lba. . . 6,500 12,000 16,000 to 30,000 14,000 
UltlmatestrmgtbperBq.ln.,lbs. 15,000 24,000 80,000 to 60,000 28,000 
Beductiou of area 1S% 36% 60% 40% 

Compression testa (in cylinders with length twice the diameter) : 

Elastic limit per sfi- In.' 3,500 lbs. 

Ultimate strength per nq. Id 13,000 lbs. 

Tbe modulus of elasticity of cast aluminum is about eleven mil- 
lion; cold drawn aluminum wire, about niueteen million; atumiDum 
sheets, about thirteen million. 

Under transverse test pure aluminum is not a very rigid metal. 
An inch sqiiare bar of good cast iron, supported on knife edges 4 ft. 
6 ins. apart and loaded iu center, will readily stand 500 lbs. without 
a deflection of over 2 ins. A similar bar of aluminum would deflect 
over 2 ins. with a weight of 2o0 lbs., although the aluminum bar 
would bend nearly double before breaking, while the cast-iron bar will 
ordinarily break before the deflection baa gone very much beyond 2 
ins. Aluminum to withstand strains, and especially to have good 
elasticity, should be alloyed with a few per cent of impurities and 
cold-rolled, or otherwise worked cold. In thia way it can be made to 
be nearly as strong and elastic as mild steel, section for section, and 
weight for weight will be much more rigid. 

Aluminum and copper form two series of valuable alloys ; tbe 
aluminum bronzes, ranging from 2 to 12 per cent aluminum with 
copper, and the copper-hardened aluminum series, with from 2 to 
perhaps 15 per cent of copper with the alumiuum. The atuminum 
bronze series are already beginning to assume an important position 
in the arts, and I believe will very largely replace brass and- other 
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bronzes, anil for some purposes take the place of sl«el. By adding 8 
to 12 per cent of aluminum to copper, we obtain one of the densest, 
finest grained, and strongest metals known, — a metal having a 
remarkably good ductility as compared with its tensile strength. A 
10 per cent bronze can readily and uniformly be made in forged bars, 
with 100,000 lbs. per square inch tensile strength, with 60,000 lbs. 
elastic limit per square inch, and with at least 10 per cent elongation 
in 8 ins.; and aluminum bronzes can be made to meet a specilicatiou 
of even 130,000 lbs. per square inch and 5 per cent elongation in 8 
ins. Such bronzes have a specific gravity of about 7.50, and are of a 
light yellow color. The 5 to 7 per cent aluminum bronzes have from 
8.30 to 8 specific gravity, and a handsome yellow color. They readily 
give 70,000 to 80,000 lbs. per square inch tensile strength, with over 
30 per cent elongation in 8 ins., and with an elastic limit of over 
40,000 lbs. per square inch. It will probably be alloys of the latter 
character that will be most used, especially for marine work. The 
fact that 5 to 7 per cent bronzes can be rolled or hammered at a 
red beat, proper precautions which can readily be secured being 
taken, will add greatly to their use. Metal of this character can be 
worked in almost every way that steel CATi, having tor its advantage 
greater combined strength and ductility, and much greater power to 
withstand corrosion. By far the best results have been obtained by 
using the purest aluminum and purest copper. The presence of silicon 
in aluminum alloys makes a harder bronze, but one of much less com- 
parative ductility and malleability. The presence of iron weakens 
and very seriously interferes with the value of bronze. Tin also is 
disadvantageous. The presence of zinc in the aluminum bronze is 
not so deleterious; in fact, it makes the best aluminum brasses much 
better than those having tin in them. 

The Cowles and Heroult people, who by their methods manufac- 
ture aluminum broiize by direct reduction, have claimed that the 
bronze directly reduced was more homogeneous and better than that 
made by melting together copper and pure aluminum. Careful experi' 
ments made in this matter, however, have failed to show this claim u> 
be true. From my experience, I entirely agree with Prof. Richards, 
who, in his excellent work, says : " Two specimens containing nothing 
but aluminum and copper in like proportions will be identical, no 
matter how they are produced." As it is far easier, and at present 
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cheaper, to produce a bronze with 1»ib iron and silicon by nstog pure 
alumiDum of lees thau 3 per cent of these impurities, which with 
pure copper will give less than ^of I per cent impuritj in the bronze, 
the advantage is certainly on the aide of the use of pare aluminum, 
melttDg it with pure copper, so far as quality is concerned. 

The aluminum in bronzes lowers the melting point of the copper 
at least 100° or 200°. The melting point of 10 per cent aluminum 
brooae is somewhere in the neighborhoot) of 1700° F. 

Aluminum bronze is among the hardest of the bronzes, and 
hardens upon cold-workiug considerably. This hardness, however, 
can readily be lowered by annealing at a red heat and plunging into 
cold water. Aluminum bronze can readily be worked in a lathe, and 
the chips cut clean, smooth, and long, and do not clog the tool. 
Aluminum bronxe is a remarkably rigid metal under transverse strain, 
being much more rigid than ordinary brass, or even gun bronze. 
'Cuder compression its strength, although rather low in elastic limit 
compared to its ultimate compressive strength, ia still much higher 
thau that of any of the other bronzes, and there is a long period of 
gradual compression before finally giving way, making it peculiarly a 
safe metal under compression. 

Aluminum bronze has excellent anti-friction qualities, owing to 
its fine grain texture and peculiar smooth and unctious though hard 
surface, which reaistB abrasion remarkably. Attention has already 
been called to the anti-corrosive qualities of aluminum bronze ; and 
as its electrical conductivity isbetter than that of brass, it is peculiarly 
well adapted for commutator bars in dynamos. It can be brazed and 
soldered nearly as wel! as brass. 

Sound, clean castings of aluminum bronze can be safely and 
regularly made, either in sand molds or against chills, if the proper 
precautions are taken to avoid: first, oxidation; second, contamina- 
tion from scum or a cinder composed of oxide of aluminum with a 
little copper in it ; third, depressions, cracks, or strains due to shrink- 
age ; fourth, the shutting in of gas into the castings. The first trouble, 
oxidation, is due to heating the metal too hot in the plumbago cruci- 
ble. The copper should not be heated much above its melting point 
before the aluminum is added, which at first absorbs a great deal of 
heat and rapidly thickens the metal, the aluminum being rapidly 
immersed in the copper to prevent its oxidation. Great care sbonld 
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then be tak«n in ^;ain bringing the metal up to the liquid condition, 
And the met&l should be frequenlly stirred ; for it suddenly beats ap 
by the reaction of the alloying of the two metals, and, unless precau- 
tions are taken, will soon bring the temperature op to a white heat, 
where oxidation vill seriously injure the bronze. The metal should 
have a cover of powdered charcoal to prevent oxidation, but with do 
other flux over its surface. 

The second trouble, contamination from the scum, can be avoided 
by pouring from the melting furnace or pot into a hot ladle or pouring 
basin large enough to hold all the metal necessary to fill the mold and 
to allow the metal to ponr out from the bottom of such a receptacle 
after giving sufficient time to allow the scum to come to the surface. 
A skim-gate should also be provided for each mold. 

The third difficulty is caused by a peculiar red-shortness just 
after solidification, and also a contraction at solidilication which causes 
the metal to either tear apart or yield and cause depressions in the 
casting at more favorable spots, if any great resistance is experienced 
by the metal in contraction. This difficulty is overcome by giving 
bountiful allowance for the contraction, which can he done iu several 
ways, each best adapted for varying conditions. The cores should be 
made of a yielding character, using resin or other suitahle substance 
with coarse sand, that will yield to slight pressure. Unyielding iron 
core rods should be dispensed with as far as possible. " Green " sand 
cores will give good results in some cases. Other expedients to gain 
the same ends will, be easily suggested By skilled molders. 

The troubles due to shrinkage are avoided by having the " risers " 
or " feeding heads," with flaring openings, large iu section, often 
larger than the castings they are intended to feed, and if necessary 
refilling the feeding heads, in some cases several times over. In this 
way the casting will solidify first, drawing metal to supply its shrink- 
age from the still fluid riser having a level higher than the easting 
ittelf, so that the metal will flow down into it. The gates U) the mold 
should be sufiicieut in number and so arranged that they can be filled 
with the metal as cold as it will pour and give full castings. The 
considerable amount of scrap occasioned by the large sectioned risers 
can be remetted without toss of aluminum, and, indeed, is improved 
in quality by the process of remeltiug. 

To prevent the shutting in of gas into the castings, dry sand 
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should be used, and the molda should be well vented by the ordinary 
prec&utiona taken by fouodero for this purpose. Although it requires 
skill and experience to sucoessfullycarry out the conrtitioQS outlined 
above, sound, clean castings, even of the most difficult sections of 
aluminam bronze, can be made regularly, and with no more wasters 
than with ordinary brass, and without the difficulty of a copious libera- 
tion of gas at the moment of solidification, as is the case with steel. 
In fact, aluminum bronae, with its low pouring temperature, is espec- 
ially applicable for massive and heavy castings. 

The alloys of aluminum with copper in proportion of from 2 to 
15 per cent have already been iucideutally referred to. Copper, I 
believe, is one of the best hardeners of aluminum. The masimum 
proportion that cau be added before the metal becomes too brittle to 
work depends largely upon the purity of the aluminum. If it contains 
several per cent of silicon it becomes very brittle with f> per cent of 
copper ; but with pure aluminum it is still forgeable, with difficulty, 
with 15 per cent of copper. Even very small percentages of copper 
added to pure aluminum decrease the blue color of the metal and give 
a more pleasing yellow-wbite color to it. 

Proportions of a few per cent of copper added to pure aluminum 
decrease the shrinkage of the metal and give alloys that are especially 
adapted for art castings. The remaiuder of the range, from 15 
per cent copper np to over 85 per cent, give crystalline and brittle 
alloys of no use in the arts, and of a grayish-white color, up to 80 
per cent, where the distinctly yellow color of the copper begins to 
show itself. 

There is said to be an alloy of 50 per cent copper and 50 per 
cent aluminum which is malleable. I have, however, been unable to 
discover any such alloy in experiments which I have made in this 
direction, all of the alloys being very crystalline and brittle. 

Aluminum combines with iron in all proportions. None of the 
alloys, however, have proved of value, except those of small percent- 
ages of aluminum with steel, cast iron, and wrought iron. So far as 
experimenta have yet gone, other elements can be better employed to 
harden aluminum than iron, and its presence is regarded as entirely a 
deleterious impurity, to l>e avoided if possible. 

The addition of from ^ lb. to 2 lbs. of aluminum to a ton of steel 
gives the advantage of quieting the metal in the mold and producing 
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iDgots with much Rounder tops, bo thoit the scrap due to crop enda is 
materially lessened, a saving which much more than paya for the cost 
of the alumioum added. The amount to be added varies with the 
character and condition of the Bl«ei. With welt -melted steel, low in 
carbon, the proportion of from ^ to ^ lb. to the ton seems to give the 
best results ; any larger proportion making the metal pipe and caus- 
ing excess of crop-end scrap. If the steel be " wild " in the ladle, 
full of occluded gases, too hot, or oxidized, a larger proportion of 
aluminum can be advantageously added. Mr. R. A. Had6Bld says, 
I think correctly, that the influence of aluminum appears to be like 
that of silicon, though acting more powerfully. The same writer, 
together with Prof. H. M. Howe and Mr. Osmund, claims that an 
addition of aluminum does not lower the melting point of steel. In 
this BIT own experience agrees ; nor do I believe that aluminum 
increases to any great extent the fluidity of the steel. So far as my 
experience goes, steel, with an addition of ^ per cent of aluminQm, 
seems to solidify in the molds fnlly as quickly as steel without the 
addition of the aluminum. Aluminum seems to take the oxygen out 
of steel very mnch in the same way that manganese does, but I am 
not aware of any advantages gained by using the more expensive 
aluminum for this purpose. 

The addition of aluminum in quantities of from 2 to 3 lbs. per 
ton are of^idvautage where the steel is to be oast in heavy ingots 
which will receive only scant work. Here it seems to increase the 
ductility as measured by the elongation and reduction of area of ten- 
sile test specimens, without materially altering the ultimate strength. 

The question as to whether additions of aluminnm prevent segre- 
gation of impurities in large castings of steel is still an unsettled one; 
but I may say that it is now being carefully investigated. 

In steel castings the benefit from the use of a small percentage 
of aluminum, ordinarily in the proportion of from 2 to 3 lbs. per ton, 
has become widely recognized, and it is being generally used. 

The additions of aluminum are almost always made by throwing 
the metal, in pieces weighing a few ounces each, into the ladle, as the 
steel is pouring into it. In cast-iron, from 2 to 5 lbs. of alumioum 
per ton is put into the metal as it is being poured from the cupola or 
melting furnace. To soft gray No. 1 foundry iron it is doubtful if 
the metal does mnch good, except, perhaps, in the way of keeping 
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the juetal melted for a longer time ; but where difficult caetings are 
to be made where much loss is occasiooed by defective castings, or 
where the iron will oot flow well, or give sound and strong castings, 
the aluminum certainly in many cases allows of better work being 
done and stronger and sounder caaiiugs being made, having a closer 
grain, and hence much easier tooled. The tendency of aluminum is 
to change combined carbon to graphitic, and it certainly lessens the 
tendency of the metal to chill. Aluminum in proportions of 2 per 
cent and over materially decreases the shrinkage of cast iron. 

The effect of aluminum in wrought iron is not very marke<J in 
the ordinary puddling process. It seems to add somewhat to the 
strength of the iron, but the amount is not of sufficient value to induce 
the general use of aluminum for this purpose. 

The peculiar property of aluminum in reducing the long range 
of temperature between that at which wrought iron first softens and 
that at which it first breaks down and becomes fluid is taken advant- 
age of in the well-known Mitis process. It is for this that aluminum 
is most used in wrought iron at present. 

With the eiception of lead, antimony, and mercury, aluminum 
unites readily with all metals ; and many useful alloys of aluminum 
with other metals have been discovered within the last few ^ears. T 
venture to prophesy the finding of many more in the near future, as 
more systematic attempts are made to study the use of aluftiinum nith 
other metals and metalloids. Of many of these usefa! improvements 
that are now subjects of letters patents, for obvious reasons, 1 will eay 
nothing. Tlie useful alloys of aluminum so far discovered are all in 
two groups, the one of aluminum with not over 15 per cent of other 
metals, the other of metals containing not over 15 per cent of alumi- 
num ; in the one case, the other metals imparting hardness and other 
useful qualities to the aluminum, and in the other the aluminum giv- 
ing useful qualities to the other metals. 

The alloy of a few per cent of silver to aluminum, to harden, 
whiten, and strengthen the metal, gives a metal especially adaptable 
for many fine instruments, tools, and electrical apparatus, where ihe 
work upon the tool and its conveniences are of more consequence than 
the increased price due to the addition of the silver. The silver lowers 
the melting point of aluminum, and gives a metal susceptible of taking 
a fine polish and making fine castings. 
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More or lesa useful alloys have been made of aluminum with 
smc, bismuth, nickel, cadmium, magnesium, titanium, chromium, 
msDganeae, and tin, — these alloys all being harder than pure alumi- 
num ; but it is by combiaations of these metals, with additions perhapa 
of copper, leitd, and antimony, that alloys of most useful value have 
so far been discovered. Some are with additions of only 1 to 2 per 

The addition of from 5 to Id per cent aluminum to type metal 
composed of 30 per cent antimony aud 30 per cent lead makes a metal 
giving sharper castings and a much more durable type. 

To ordinary brass, the addition of aluminum gives superior 
strength and better anti-corrosive qunlities. Some very marked aud 
valuable qualities have been discovered iu the use of aluminum nith 
line for various purposes. 

The modifications of pewter, Britannia, white metal. Delta metal, 
aud the like, with additions of aluminum, have shown very useful 
qualities, and will add very considerably to the demand for aluminum 
in the near future. 

Evidently, contrary to the understanding of the case by many 
people who have written us with brilliant claims of rich mines, alumi- 
num has never been fouud in nature in the metallic state; and yet 
the general statement made by Prof, Richards is true, that " there is 
no other metal on the earth so widely scattered, and that occurs in 
such abundance," This statement, however, has been interpreted by 
the public to the effect that therefore all these varied minerals con- 
taining aluminum are equally applicuble as ores from which to extract 
the metal; especially have they considered that clays, silicates of 
aluminum, are the specially chosen ores for the production of alumi- 
num. A consideration of the comparative constituents of clay with 
those of the minerals given below sbowa the disadvantage of the rich- 
est of clays, aa aluminum ores, as compared with the richer and purer 
oxides, fluorides, and sulphates, which minerals are now used as ores 
of aluminum. 

Bauxite (AIjHsOg), soft and granular; with 50 to 70 per cent oxide 
of aluminum and wiili only a few per cent of accidental Impurities bcsiUes 
the water of hydration. 

Corundum {AI2O3). very hard and crystalline, specific gravity 3.909. 
— With 98 per ceot alumiua aud ordinarily very free [com impurities, but 
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«o hard rad crystalline, and withal so valuable f ot other purposes, as not 
to be at preseDt used as aa a1\iiiiiDiiiii ore. 

DIaspore (AljOsHaO), hard and crystalline; speclllc gravity, 3.4.— 
With G& to 85 per cent alumina and ordinarily very pure. 

Cryolite (AI,Flfl6NaFl), Bpeclflc gravity, 2,9.— With 40 per cent alu- 
mlnuin fluoride and 60 per cent sodium floorlde. 

Alnmlnite (AUSO„9H20), specific gravity, 1.G8.— Containing some 
30 per cent of alumina in a condition to be cheaply purified by sointlon, 
filtration, and roasting. 

Gibbslte (AlsOB3HsO),stalactitlci specific gravity, 2.4. — Containing 
about 66 ^er cent alnmina. 

Id comparison with these, the clays vary from tri-basic silicates of 
aluminii to pentacid silicates, minerals with at Itest 65 per cent alu- 
mina and 35 per cent aitica ; while the more common clays contain 
from 50 to 70 |)er cent Bilica and only from 50 to 35 percent alumina. 
Pure kaolin contains 39 per ceot alumina, carrying aitout 20 per cent 
aluminoDi, with 40 per cent silica, and 14 per cent water. It has a 
formnia of AIjSJiOtSHiO. Now silica is moch easier reduced than 
alumina, and by all the methods of reduction this large percentage 
of silica moat be separated from the alumina before the reduction 
is commenced, else a large percentage of energy used in reduction 
will be expended in reducing a troublesome impurity, instead of in 
redncing the alumina to aluminum. The true value of clay as an 
ore of the metal is evident, therefore, in comparison with the richer 
and purer ores that have only accidental amounts of ir<m and silicon, 
up to perhaps 10 per cent, to be removed before being submitted to 
the reducing operation. 

There seems to be one fact favorably prominent, however, in the 
prospect of fat clays like the kaolins being used as aluminum ores, — 
that is, that concentrated cold sulphuric acid dissolves the alumina out 
of most clays, leaving the silica insoluble. Although this fact has not 
yet, to my knowledge, been made use of on a commercial scale, still 
in the future, when there is a large demand, this method may make 
clays available as ores of aluminum. 

Bauxite is the mineral most used at present for the manufacture of 
alumina, and it probably will continue to be the moat economical ore, 
for the reason that it is soft, easily ground, and easily decomposed to 
separate the impurities of silica and iron. The mineral occurs in great 
abundance in the south, in Tennessee, Virginia, North and South 
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CarolintL, Georgia, Alabama, and also Arkansas. Very pure haaxitea 
can be laid down in quantities in Pittsburgh at a cost of between S9 
and $10 per ton, and with only the coat of mining and transportation 
can be put od cars nearest the mines in many cases at a cost of less 
than $2.50 per ton. 

The general method of puriflcation of the ore is to calcine tba 
bauxite nith just sufficient sodium carbonate to form sodium aluminate 
(Al,O^Na,0). The temperature must be kept below the melting 
point (the aluminate being formed at a temperature lower than the 
melting point of the mixture), else silicate of aluminum is formed. 
The mass is well stirred to insure the complete displacing of all the 
carbonic acid and the combination of the sodium carlmuato with the 
alumina. A ready test of ihe completion of the reaction is that por- 
tions taken from the mass no longer effervesce and evolve carbonic 
acid upon treatment witli acid. The incinerated mass is taken out of 
the furnace, ground and lixiviated with hot water, which takes the 
sodium aluminate into solution, leaving the silica and iron hisoluble. 
The clear supernatant sodium aluminale solution ia siphoned off, and 
the alumina is precipitated with carbonic acid gas. This forms sodium 
carbonate, which remains in solution, while the alumina settles out 
to the bottom of the tank. This is afterwards washed with hot water 
and dried. 

The same general method of treatment is applicable to the alumi' 
num oxide minerals for their preparation ; the difficulties to overcome 
being in grinding the minerals, l>ecause of their hardness and the for- 
matiou of the sodium aluminate at a low enough beat to prevent the 
sodium silicate forming. It may be that these minerals had best be 
taken into solution as sulphates, and thereafter treated as the native 
sulphates by a red heat to drive off the sulphuric acid, leaving pure 
alumina as a residue. With proper apparatus to condense aud save 
the sulphuric acid, such processes may not be excessively expensive. 
However, neither this method of manufacture of the sulphates from 
clays or from native oxides, uor the method of manufacture of alumina 
from the sulphate by roasting, have so far found favor commercially 
in comparison with the soda carbonate fusion method for the prepara- 
tion of the oxide. The sulphate of aluminum melted with sulphur 
gives o£F sulphuric acid gas and transforms the alumina into sulphide. 
This reaction has b«en made available in one of the methods of maDLf 
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facture of aluminucn. from eulphide by the aid of electricity ; the gul> 
phide being afterwards decomposed by electrolysis. 

Aluminate of soda is made from cryolite by the incineratioD of 
finely ground cryolite with an intimate misture of chalk or fiuely 
ground carbonate of lime, with enougli ground coke to keep the mix- 
ture porous. Soluble aluminate of soda ia formed ; insoluble fluoride 
of lime remains as a wasta product, together with carbouic acid which 
ia evolved. The precipitation of the alumina from the aluminate of 
soda is carried ou by the aamK method as previously described. 

Aluminum sulphide, a yellow, infusible salt, containing 36 per 
cent aluminum, is produced from alumina by the reaction of carbon 
bi-sulphide at a high beat in the presence of carbon. It is also pre- 
pared, as explained, by the fusion of aluminum sulphate in the presence 
of sulphur. It is a rather unstable compound, being decomposed by 
standing in moist air into alumina, with the evolution of sulpbureted 
hydrogen. 

The chloride of aluminum was for a long time the chief salt from 
which the metal was produced, tor the reason that it had been touud 
that metallic sodium reduced the metal from this salt the easiest. For 
a long time the only practical way of cheapening the manufacture of 
aluminum by tliis method was to cheapen the manufacture of sodium 
and reduce the expense and improve the quality of the aluminum 
chloride. This proved a difficult task. 

The salt varies from pure white, when pure, through the yellows 
to a brick-red when largely contaminated with ferric oxide. It is 
produced by the action of chlorine gas upon an incinerated mixture of 
alumina with tar or some oil that will, on burning out during the 
incineration, leave its coke in intimate mixture with the alumina. 

The double chloride of aluminum with sodium is produced if a 
supply of salt is added to the mixture and it is treated with chlorine 
gas. The expense and ditticulties connected with the manufacture 
have proven very large, and the chlorine produced has to be very care- 
fully made to keep it free from iron. The difficulties connected with 
the generation and use of chlorine gas ou a commercial scale are fouad 
to be very great and the deterioration of the apparatus to be very 
serious. 

The native fluoride of aluminum and sodium, the mineral cryolite, 
has been used in several processes as the ore for the production of 
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alumiDum. It, however, contaius too much eilicoo aod oxide of iroD 
to make pure metal; for, as before said, ia all the methods so far 
devised, or which seem likely to be devised in future, the agents that 
serve to reduce the aluminum to a metallic state wi!l surely reduce 
all the silicon and iron from their oxides that may be present at the 
same time or rather previous to the reduction of the aluminum. Fare 
aluminum fluoride (AljFj) is produced by the action of sulphate of 
aluminum on cryolite, sulphate of soda being the by-prodoct, accord- 
ing to M. Grahau. Aluminum fluoride cau also be produced hy the 
action of hydrofluoric acid of alumiua. It is not such an expensive or 
difficult salt to prepare as the chloride, and is the compound from 
which aluminum is produced in many of ifie later and more successful 
processes. Metallic sodium reduces the fluoride of aluminum with 
the same facility with which it acta upon the chlorine compounds. 

Aluminum cannot be reduced from its oxide by the aid of carbou 
as a reducing agent, because the temperature to which the intimate 
mixture of the solid carbon and the alumina has to be raised can 
only be attained by the highest heat of an open-hearth furnace or in 
the electric furnace, — a temperature at which the aluminum reduced 
cannot itself be accumulated into a molten liquid mass, and can only 
be retained by cloaking it with a more stable metal like iron or copper. 
It is for this reason that the Cowles Electric Smelting & Aluminum 
Company are not able in their electric furnace to manufacture com- 
mercially pure aluminum, uor the Heroult people to manufacture the 
metal from their process of reduction, where they electrolyze pure 
molten alumina, which requires a high electrically produced heat to 
melt the oxide. Hone of the other salts are susceptible of being 
reduced by carbon at much lower temperature than the oxide, so far 
as yet discovered. 

Debarred from using carbon as the reducing agent under the 
ordinary conditions which make it the practicable and economical 
reagent in most metallurgical operations, the advantages of other 
stronger reducing agents have been carefully tried. So far only one 
has proven commercially available, although there are mauy other 
agents capable of reducing the metal from its oxide. Metallic sodium 
reduces the metal from its chloride or from its Huoride salts with ease- 
Methods based upon the use of sodium as the reducing agent have 
until lately given not only the purest but the cheapest aluminum. 
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These methods, however, of late, have been succeeded by the cheaper 
and more direct processes of electrolysis of aome of the aluminum 
salts or of the pure oxide. 

So tar as history informs us, Wohler in 1827 first reduced metal- 
lic aluminum by tlie aid of metallic potassium as the reducing agent 
from aluminum chloride. The metal was a dry powder in a finely 
comminuted state; it was very impure, and was oaly a metallic curi- 
osity, Deville, twenty-seven years later, in 1854, was the first to 
produce the metal in any quantity, or with any degree of purity. 

It is curious to note that the first pure aliiminam made was by 
electrolysis; both Buosen and Deville reduced the double chloride of 
aluminum and sodium by efectricity generated by galvanic batteries. 
But as at that time the dynamo was still a machine of the future, 
electrolysis was soon abandoned for the sodium process by the suc- 
cessful concerns in the manufacture of the metal, although couttnued 
ezperimental eSorts were made with electricity from that time to this. 
The arst aluminum made in 1855 was valued at $90 per lb. In 1857, 
with the development of the sodium method of reduction, the price 
was lowered to from $28 to S32 per lb. In 1860 the price was again 
lowered to about $17 per lb., and from 186*2 to 1887 the price ranged 
from $12 per lb. upward, according to purity. In 1887 the price 
was reduced to one pound sterling per pound avoirdupois ; and it was 
at this jirice that the first metal made was sold by the new concerns 
built during that year. In 1889 the Pittsburgh Reduction Company 
reduced the price to $2 per lb. As the English works of the Pitts- 
burgh Reduction Company commenced in 1890 to sell Che metal in 
England at five shillings ($1.21) per pound, I presume that future 
writers will record a further drop in tlie price of the metal in 1891. 

About 1857 the famous works at Salindres were established, 
which were under the proprietorship of Pechiney & Company, for 
many years, and, until within the past three years, enjoyed not only 
the reputation of malting the best but the largest amount of aluminum 
produced in the world. The care and skill shown, and the ingenious 
devices and precautions taken by the firm to prevent impurities in the 
metal by the cumbersome and expensive sodium process in which 
there were so many opportunities for the addition of impurities, were 
worthy of the highest praise. In 1860 Sir I. Lowthian Bell, with a 
brother, started works at Newcastle-on-Tyne, which were abandoned 
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Id 1874. They m&nufactured by the sodium process. From 1871 
uDtil 1882 the French company at Saliodres was the only coucera 
making pore aluminum. 

Ill 1882 Webster organized the " Aluminam Crotra Metal Com- 
pany," at Hollywood, near Birmingham, England, and by cheapening 
the production of aluminum chloride soon developed a successful con- 
cern. This was funhei- strengthened by the improvement of Mr. H. 
Y. Castner, an American chemist, who, in 1886, patented improve- 
ments for producing a more intimate mixture of the carbon with the 
cauatic soda in a state of fusion by means of a carbide of iron, in 
thb way cheapening by more than one half the cost of manufactare 
of metallic sodium, which had been $1 per lb. This concern was 
organized under the name of the Aluminum Company. Limited, and 
put up a large and expensive plant at Oldbury, near Birmingham, 
England. These works were started at the end of June, 1888, and 
they have been manufacturing up to within the past six or nine 
months. In common with the other manufacturers by the sodium 
process, they have been working at great disadvantage since the advent 
of the more successful electrolytic processes. 

Early in 1888 the Alliance Aluminum Company started works at 
Wallsend-on-Tyne, England, using a process which was an innovation 
upon the Deville sodium process, by using the fluoride or the double 
flaoride of aluminum and sodium cryolite as the compound to be 
reduced instead of the chloride or the double chloride of the metal. 
Prof. Nette, the managing director of the concern, also had a proc- 
ess for producing metallic sodium cheaply by allowing fused caus- 
tic soda CO trickle over incandescent charcoal in a vertical retort. 
Some very excellent aluminum was produced at these works; they 
became involved in a law suit, however, with the Aluminum Company, 
Limited, and the newer processes coming up caused them also to close 
their works, which have now been shut down for over a year. 

In spke of the broad claims of the Cowles Brothers to the use 
of electricity for metallurgical purposes, the (irst actual reduction of 
aluminum in a metallic state on a practical scale h; Devilie in 18a4 
was, as we have seen, by the aid of electricity, electrically decompos- 
ing the chloride. Even then the idea was old. for Sir Humphry Davy 
in 1810 publicly described the successful experiment made in 1807. in 
which he connected the negative pole of a battery of 1000 double 
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plateB with an iron wire which he heated to a white heat and then 
fused io contact with moiBtened alnmina, the operation being per- 
formed in an atmosphere of hydrogen. The iron upon analysis was 
found to be alloyed with aluminum. 

Bunsen in Germany and Devitle in France, in 1854, each elec- 
trolyzed the double chloride of alliminum and Bodium. Le Chatelier 
obtained English patent No. 1214, in 1861, and Monclcton, in 1862, 
English patent No. 264 for the reduction of aluminum by aid of elec- 
tricity. In tact, Richards says that the Monckton patent •* proposes 
to pass an electric current through a reduction chamber, and in this 
way to raise the temperature to such a point that alumina will bo 
reduced by the carbon present," showing that not only was the use of 
electricity for reducing aluminum old, but that the idea of the electric 
furnace was twenty years old at the date of the first of the Cowles 
patents in 1885. 

Richards, in his work on aluminum, mentions and gives the pnb- 
lished authority in each case of the processes for reducing aluminum 
with the aid of electricity; of Gaudin, 1869; Kagensbuscb, 1872; 
Berthaut, 1879 ; and Gratzel, 1883. 

The newer pure aluminum processes using electricity of Hall, 
Heroult, and the Bernard Brothers, with the help of Minet, together 
with the alloy processes of the Cowlea Brothers and of Heroult, are 
the only ones that are now being worked upon a commercial scale, so 
far as 1 know, though perhaps the meritorious inventions of Mr. Gra- 
bau may have been reduced to practical working of late. Of this I 
am uncertain, or of what is being done by Herr Saarburger at Heme- 
lingen, near Bremen. I only know that we no longer hear of the 
Aluminum & Magnesium Fabrik Company's aluminum in the compe- 
tition of the markets, or of any metal made by the sodium process. 

Besides these, there have been a host of other electrical attempts 
and experiments for the manufacture during the past two years, since 
the success of some of the other companies using electricity became 
known. 

The Hall process of manufacturing aluminum is owned by the 
Pittsburgh Reduction Company, who have, ia addition to 390 electri- 
cal horse-power at work in Pittsburgh, another plant of about e<)ual 
size at Patricroft, Lancashire, England, the Pittsburgh works com- 
mencing to manufacture in November, 1888, and the English works 
in July, 1890. 
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The Hal) process consists id electrolysiDg alutniDa dissolved id a 
fused mixture of fluorides of aluminum and Hodium or o( fluorides of 
alaminum and potassium, or, in fitct, Mr. Hall has covered in his 
letters patent No. 400,667 a fused batli in tvbich the alumina is dis- 
solved in the fluoride of aluminum, together with the fluoride of a»y 
metal more electropositive Chan alumioum. 

As the Pittsburgh Reduction Company uses the process, it places 
the mixture of fluoride salts in a row of carbon-lined iron tanks placed 
iu series. The pots, together with their carbon linings and the 
retluced juetal in bottom of the pots, become the negative electrodes 
or cathodes. The positive electrodes or anodes are a series of 3-inch 
diameter carbon cylinders, attached by f-inch copper rods to the cop- 
per conductors by the aid of suitable binding screw clamps. The 
current of 5000 amperes aud iiCty volts in one series, and of 2000 
amperes and 20 volts in the other aeries, is turned on, and the mixture 
is melted by the heat caused by the resistance offered to 
by the fluoride mixture. In less than two hours' time the t 
becomes fluid, and alumina is added. The electrolyte then becomes 
a much better conductor, " the resistance of the pot " goes down to a 
normal one of about 8 volts, and the operation of electrolysis com- 
mences. The alumina in solution, or, as some claim, the fluoride of 
aluminum, is decomposed ; the metal, being heavier than the electro- 
lyte, sinks to the bottom of tbe pot, and the oxygen goes to the 
positive carbon electrode, uniting with a portion of the carbon and 
escaping as carbonic acid gas ; or, as is maintained by some, the 
aluminum of the fluoride of aluminum is deposited, and the fluorine 
attacks the dissolved oxide, reforming fluoride of aluminuin, and thus 
maintaining the integrity of the original electrolyte bath, the -oxygen 
going off, as in the other case, at the positive electrode. 

While the actual fact as to which reaction takes pluce is not 
essential to the validity of the Hall patents, and the Pittsburgh 
Reduction Company makes no claims regarding the matter, it is our 
belief that the compound electrolysed is alumina. I may say, in this 
connection, that this is the view of Prof. J. W. Langley, Prof. Rich- 
ards, and of a!] tbe other metallurgists who have hail experience with 
and have given the actual metallurgical operations careful study. 

Among the reasons fur our belief are the heat of formation of 
alnuiina, 391,600 calories ; the fact that it requires only 2.8 volts to 
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decompose it ; the probable fact that the heat of formation of the 
aluminum of flaoride is very considerably greater; the fact already 
established that it requires a very much higlier voltage thau 2.8 to 
decompose the electrolyte that vre use; and tbe fact, already men- 
tioned, that when the bath gets out of aluiuiua the resistance rises 
considerably (ordinarily about four volts), and that the heat rises 
rapidly in the pot until the electrolyte itself begins to decompose, and 
stifling white fumes of hydrofluoric aeid begin to be given off. 

Again, fluorine displaces oxygen in alnmina ; hence we reason 
that aluminum fluoride is a stronger coni pound than alumina. Sodium 
reduces aluminum fluoride, — the basis of the Grabau process. Ergo, 
sodium fluoride is a stronger compound than aluminum fluoride. 
Hence, in a bath containing sodium fluoride, aluminum fluoride and 
alumina, in nearly equal proportions, the order in which they will be 
decomposed by an electric current of graduated intensity, or in con- 
ditious similar to the Hall hath, will be alumina, aluminum fluoride) 
and sodium fluoride. Again, the electro- motive force required to 
decompose compounds is in proportion to the heat evolved in the for* 
mation of electro-chemical equivalent weights of the compounds, and 
sodium fluoride is thermally much greater than ^ of a molecule of 
aluminum fluoride, or of a molecule of alumina. 

According to my understanding of the case, tbe difference be- 
tween the Hall process and the Ileroult alloy process is this: Hall 
electrolyzes alumina made fluid at a lower temperature by dissolving 
it mechanically in a fused fluoride solvent, lighter than aluminum, 
which will not corrode the metal, and above all will not be itself 
decomposed by the electric current (or at least will not slay decom- 
posed), and which is a eufliciently good conductor of electricity to 
allow the temperature of the molten bath not to reach much above 
the melting point of the metal. Iji the Heroult process they electro- 
lyse alumina made fluid by the intense beat of tbe electric arc, at a 
temperature at which tbe metal has to be protected by being alloyed 
with copper or iron in order to retain it. 

In the practice of the Hall process the beat is retained in the 
molten bath by a covering of finely powdered carbon on the surface 
of the molten mixture. On top of this carbon raft the powdered 
alumina is placed, and when the voltmeter attached to each pot showa 
a rising resistance, the pot-tender stirs in more heated ore from tbe 
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surface of the pot. The carbon soon comes to the snrFace, nhea a 
fre^h supply of ore is pUced oo JL Thf; feeding is thus easily made 
contiuuons, and m the electrolyto remains constant it ooiy requires 
tappiug the metal off, — or, as is rather crudely but very satisfactorily 
done, dipping the metal out in cast-iron ladles, and skimming the 
electrolyte back into the pots with the carlion rods, — to make the 
entire o)>eration continuous. The pots are run for months at a time. 
The following are the chief advantages of the continuity of the 
process : — 

1. Purily of the Metal.-^~ AileT the first run of metal is cast, 
carrying with it all the iron and silica, or rather the reducible impuri- 
ties of the electrolyte, the only other sources of impurity are in the 
pure alumina added and in the ash of the positive carbon electrodes, 
which are worn away in the proportion of a little lees thau weight of 
carbon to the weight of metal produced. 

2. Saving of Material. — The loss of metal and ore in a finely 
divided state in the bath, which occurs when a shut-^own is required, 
is avoided. To be sure, this lose can be largely avoided by re-melting 
again; but in melting down the metal in a finely divided state it is 
found to be almost entirely re-dissolved. As continuously carried on, 
the loss of metal is practically nothing, every particle being reduced ; 
undoubtedly it is often reduced more than once by being re-dissolved 
before settling through the bath to the metal below, when the ore gets 
out nt the electrolyte and it becomes acid. At the same time, as 
there is no slag or other waste product, solid or liquid, evolved, aud 
as the gases can carry off none of the aluminum, all of the aluminum 
in the ore added is finally brought out in ingot metal, a result that is 
seldom experienced in the reduction of metals from their ores. 

3. Ecoaomy — The original hea,t of the electrolyte is constantly 
maintained, and the only supplies needed are the constant electric 
current, the alumina ore and fresh carbon electrodes to replace those 
worn out. with only occasional additions of fresh electrolyte to replace 
the small loss of that taken out with the ingot metal or that which 
has I)ecome decomposed by the workmen carelessly letting the pots 
get out of ore. This decomposition of the electrolyte means an infu- 
sible " cake," as the workmen call it, settling to the bottom of the pot 
and filling it up. When the pots are not skilfully run, or more easily 
decomposing electrolyte mixtures are used, this accumulation shortent 
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the run of ihe pot, and also decreases the out-put. In the regular 
practice of the Pittsburgh Reduclion Company there is practically no 
decomposition of the electrolyte, and a pound of alumiDQOi is made 
with aii expenditure of about 22 electrical horse-power per hour. 

This electrical energy expended in heat ie iiot very eipensive. 
Supposing water power to be need at a cost of tl2 per horse-power 
per annum, allowing 25 per cent for loss in converting mechanical 
into electrical energy, and supposing 75 per cent of this energy to be 
converted into heat, Prof. Richards has calculated the heat generated 
by 1 horse-power during one year as 8,400,000 heat units. 

The Hall process can be successfully carried on entirely inde- 
pendent of carbon, using a thick iron or copper tank, and either iron 
or copper electrodes. The deposition of the metal ia nearly as large 
as with the use of carbon electrodes ; hnl it ia, of course, alloyed with 
copper or iron from the metal worn away from the positive electrode. 

The Pittsburgh Reduction Company has made alloys of alumi- 
Dum with iron and copper by this process similar in character to the 
alloys produced by the Conies an<l Heroult alloy processes. 

Almost at the same time that Hall invented his process for manu- 
facture of aluminum, in the early part of 1886 (his first patent appli- 
cation dating July 9, 1886), M. Pierre Heroult commenced operations 
and afterwards took out English patent No. 7426 of 1887 for fluxing 
alumina with cryolite. The bath was put into a graphite crucible, 
which served as a negative electrode, and this was put inside a larger 
crucible, the space between the two being tilled with graphite, and the 
carbon positive electrode being immersed in the fused bath. The 
ideas of M. Heroult and Mr. Hall at the start were very nearly identi' 
cal. M. Heroult attempted to obtain an American patent, and was 
declared in interference with Hall ; and, after the testimony as to 
dates of invention and of the application for patents, M. Heroult with- 
drew in favor of Mr. Hall. This process was practically abandoned 
for a while by M, Heroult in favor of his very successful alloy process 
of electrolyzing and reducing molten alumina; but since 1889, when 
a growing demand sprnng up for pure aluminum, and the success of 
the Hall process became known, I understand that two concerns have 
begun working under the same principles, — the Aluminum Industrie 
Actien Gesellschaft, at Neuhausen, Switzerland, and a concern at 
Froges (Isere), in France, called the Societe Electro-metallurgique de 
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Fraoce. I have seen some very pure arid excellent metal from the 



The procesB commonly called "the Minet process," as developed 
and used at the works of the Bernard Brothers at Creil, Oise, France, 
cODsista in electrolyzing a mixture of sodium chloride with aluminum 
fluoride, or with the double fluoride of sodium aud aluminum, their 
English patent dating July 18rl887, No. 10,057. This company, I 
understand, have beeo doing successful work, and are now putting on 
the market aluminum of good quality. Thus it will be seen that 
there have developed apparently three separate electrolytic processes 
for the manufacture of pure aluminum at about the same time, all of 
' which are working on about the same lines. These, together with 
the already much- written -about Cowles and Ileroult processes for the 
manufacture of aluminum alloys, have for the past two years distanced 
all competitors manufacturing by the aid of metallic sodium, aud are 
today in the possession of the alumiDum market of the world. 

And now I will close with a few remarks upon the prospects 
and possibilities of the future, — a subject in which, as President of 
the Pittsburgh Reduction Company, I am both financially and techni- 
cally very much interested. 

Theoretically, the cost price of the manufacture of aluminum by 
direct electrolysis has already been brought down very low as com- 
pared with the cost of the more complicated processes of a tuv/ years 
ago. The cost per pound is about as follows : — 

■2 lbs. of alumina (AUOg, contains 52.94% Al*) at 3 cts. . . »0.06 

1 lb. of carbon electrode at 2 cts OS 

Chemicals, carbun dust and pots 01 

32 E. HP. exerted one bour, water power being used , . ,05 

Labor and superintendence 03 

General expense, Interest aud repairs 03 

Total »0.20 

I would say here that while the actual cost of the metal produced 
by the Pittsburgh Keduction Company, or any other of the concerns 
mentioned as actually putting aluminum In limited quantities on the 
markets today, are nothing like these figures as a total, at the same 
time, as the most economical methods are used, figures approaching 
these will undoubtedly be attained ; and, moreover, improvements iu 
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new proGeaeeB will id many cases probably be equally applicable in 
redaciog costs by the preseot electrolytic methods. As stated before 
in this paper, no process can be devised that will give less loss of ore 
than that of the Hall process, where it is practioally nil, nor is it 
probable that any other method can be devised that is able to give 
parer metal than that made by the Hall process. Analyzing the 
items of cost given above, the ore will probably be the greatest item 
of expense in any saccessful process, and surely the oxide, alumina, 
a not only the richest and most easily prepared pure ore, but will 
prove one of the cheapest, if not the cheapest, of compounds from 
which to extract the metal. Quite surely no difference here in the 
art will make an insurmountable barrier of cost for the electrolytic 
processes oow in nse to compete against. The expenditure for other 
reagenta than the ore, for carbon, and for chemicals, is now less than 
5 cts. per lb. with the Pittsburgh Reduction Company, and in the 
estimate can fairly be reduced to 3 cts. per lb. for a large plant, with 
most favorable arrangemeuta made for its supplies. lu the item of 
electrical power there certainly may be room for a large curtulment 
of coat ; but, even should this expenditure of electrical power be 
lessened one half, or entirely done away with, heat alone being sub- 
Btituted as the energy for reduction of the ore, it will be difficult to 
conceive of a method that would not require a cost of at least one cent 
for this heat, which would be a saving perhaps of i cts. per lb. upon 
this item of electrical power. However, I feel confident that, should 
Buoh processes be devised, the increased expenditure for chemicala 
and other reagents besides the amount quoted as necessary for the 
Hall electrolytic process will nearly, if not quite, counter-balance the 
saving in electrical energy expended in the Hall process. 

In the itema of labor, superintendence and general expenae, inter- 
est and repairs, there may be material saving made by a process yield- 
ing metal more rapidly than by the comparatively slow electrolytic 
process. But the pUnt required by the Hall process is very simple,^ 
especially if located upon water power, — and the repairs are very 
small in proportion to the out-put. It will be doubtful, therefore, if 
a saving of more than 3 cts. per lb. can be made, or one half of the 
total estimated as necessary for the manufacture of alumiouin by the 
Hall process. Thus the total saving probable, or, I think I am almost 
justified in saying, even ia these days of wonderful inventions, poasible, 
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is only about 7 cto. per lb. over the cost of the Hall process. A 
greater saving than this may perhaps be made if some bright artist 
shall be able with Aladdin's lamp to rub the claybaak with hie magic 
wand and extract " the silver from the clay " by his incantatioDs ; or, 
perhaps, more soberly, gome one may find a method of redncing 
aluminum from some of its compounds as a by-product, the expense 
of which shall entirely or mainly be borne by the other valuable prod- 
ucts made. 

In this connection an ingenions method has been devised to elec- 
trolyze the snlphide of aluminum, or the double sulphide of alnminum 
and sodium, in a tank, closed and suitably insulated, and connected 
with a powerfnl electric current. The tank is filled with charcoal, 
covered with alumina, or, in case the double sulphide is to be made^ 
with a mixture of alumina and some sodium salt. The tank is heated 
to incandescence by the electric current, and fumes of sulphur are 
forced into the tank. An atmosphere of bi-sulphide of carbon is pro- 
duced ; the excess is carried away by a condensing pipe, and b calcu- 
lated to yield revenue enough to pay for the entire operation, which 
consists further in reducing the sulphide of aluminum produced by a 
portion of the bi-eulphide of carbon acting upon the aluminum in the 
presence of the heated carbon. The sulphide of aluminum is electro- 
lyzed in the lower part of the tank, the molten metal going to the 
bottom, where it is afterward tapped out. The evolved sulphur again 
attacks the hot coal and produces bi-sulphide of carbon. This process 
looks very pretty on paper, but, unfortunately, it has not thus far 
proved financially successful. 

The only method which seems at all likely to supersede the elec- 
trolysis of alumina as the most economical method of manufacture of 
aluminum is some variation in the condition of reduction (snch as 
performing under pressure or the like). The oxide, or an equivalent 
aluminum compound, would have to be cheaply prepared by the aid 
of carbon at a much lower temperature than is now possible by the 
means already tried. If such a feat could be accomplished, the 
changed conditions under which the carbon was to work not beiug too 
expensive to attain, and the reduction being accomplished rapidly 
enough to admit of the process being used upon a large commercial 
scale, then the electrolytic methods of manufacturing aluminum would 
have to be relegated to the same fate that has already overtaken the 
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■odiam method of reduction. But, Id the light of irhat I have already 
•aid, I ventore liere to predict a long life and a happy one yet for the 
eleetrolytic methods of manufacture of alumiuDm. 

In closing, I wish to acknowledge my indebtedness to Frof> 
Joseph W. Bichards, of Lehigh Univereity, not only for personal 
•tatemenU aod Buggestions, which I have embodied in this lecture, bnt 
also for data from his admirable book on aluminum. It is the first 
work on the subject printed in tbe English language, and I prophesy 
that it will always hold an aothoritalive position among the best 
treatises on tbe metallurgy and properties of aluminum, a place akin 
to that bekl by Percy's "Metallurgy of Iron aitd Steel." 



MBETINO 412. 
The IS-Inck Rifled Mortar. 



The 413tb meeting of the Socibtt of Ahts was held at the 
Institute on Thursday, Pebrnary 28th, at 8 p.ta., President Walker 
in the ch^r. 

After the reading of tbe records of the previous meeting and the 
election of new members, the President introduced Lt.-Col. S. M. 
Mansfield, U. S. Corps of Engineers, who read a paper on " The 
13-Inch Rified Mortar." 

Goi> Mansfield said : Our army officers have formulated a 
system of coast defenoe, which meets the approval of Congress, for 
at its last session a small sum was appropriated with which Co begin 
operations, and money with which to purchase land for batteries at 
some of oar principal sea-ports. 

Active operations are now in progress for the defence of the 
harbors of New York, San Francisco, and Boston. Here in Boston 
we are negotiating for the purchase of land at and near, Grover's 
Clifi, a head-land overlooking Broad Sound in the town of Wintbrop. 
The selecdon of this promontory meets the approval of all familiar 
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with tbe approscbea to Boston Imrbor, aa well u at thme Interested 
in the locslit;. Most everyone hereabout hu » general idea of what 
coDititates a fortifi<»tion, for we hare Beveral forte in the harbor, and 
no doubt it is expected a haDdaome atruatnre will be erected there, 
■ytnbolicol ol tbe greatness at oar republic, and expressive of tbe 
majesty and power of government. 

The purobase of auother tract of land not far removed therfr- 
from, near the swamp in Winthrop, through which ebbs and flows 
the little stream called Belle Isle Inlet, which does not border upon 
the sea, which 6om not command ft view of Broad Soilnd or of the 
approaches to Boston harbor, and even baS a high hill intervening, 
has excited a great deal of cnriosity to learn what it to be tbe charac- 
ter of tfae work to be erected there. I am now asked, if we shall 
build there a work like Fort Warren or Fort Independence. Noth- 
ing of tbe kind, I answer, for such works ( and they are to be found 
in nearly every sea-port an the coast) are obsolete; they were de- 
signed and constracted to meet conditions which no longer exist, and 
which the advent of modem engines of warfare have entirely changed. 
We shall build no more castellated forts of masonry with gone concen- 
trated in casemates, tier upon tier, sarroounted with a tier of guns to 
barbette. Until these old forts are greatly modified to nraet the pros- 
ent requirements, they may be looked upon as of little defensive value. 
They are rather picturesque features in the land or water scape at 
present, and after a while will be interesting as reminiscences of the 
past. 

Modem conditions reqnire the separation of guns into small l>ab- 
teries, occupying advantageous positloDs to command the approaches 
and anchorage*. The guns will be protected by earth parapets rather 
than masonry walls, and will l>e formed in a manner to be as little 
conspicaouB as possible in the earrouoding landscape, so as to avoid 
offering a definite target to the enemies' gunners, and they will occupy 
positions where tbe fire from all if possiUe can be concentrated upon 
any point likely to Iw occupied by the enemies* vessels. Invisitjility is 
almost essential now in protecting coast-defence guns, and is more 
valuable than the protection afforded by intercepticg a mass of iron, 
masonry, or earth to receive the hostile shot. The introduction of 
smokelesa powder will aid us greatly in securing this valuable kind of 
protection. Uortar batteries for vertical fire will be entirely masked 
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from view as they can be covered hy elevations, by trees, by the 
natural features or inequalities of ground, or sunk in pits, thus avoid- 
ing any change in the appearance of the land or sky line. It is for 
this reason we are acquiring this tract of land in Winthrop, a locality 
screened from view to an enemy seeking to enter Broad Soond. We 
propose to construct here two batteries for 12-inch B. L. riiled 
mortars, to C0Dt«in siiteen mortars in each, and intend to complete 
one of them the coming season, to be in readiness for the mortars doit 
building for it. 

The Act of Congress oEMarch, 1885, provided for the organisa- 
tion of a Board with Mr. Endicott, late Secretary of War, as presi- 
dent, to be composed of two engineers and two ordnance officers of the 
army, two naval ofiicerS) and two civilians to examine and report 
upon onr fortifications as to the character and kind of defences beat 
adapted for each port, with reference to armament, etc. This Board 
adopted the views held by the Army Board of Engineers, and recom* 
mended 581 high-power guns of all calibers. — 8, 10, 12, and 16 inch 
— and 724 heavy rifled mortars for our principal sea-ports. For 
Boston they recommended 45 guns and 132 mortars, a proportion of 
one to three, which evidences the high estimation in which ibe mortar 
is held today. The recommendation was due to the modern improve- 
ments made in the gun and its mounting, and was doubtless a surprise 
to those familiar only with the old-fashioned mortar, 

I propose to tell you what a 12-iDch B. L. rifled mortar is, show- 
ing you the reason for so extensive an employment of it is the new 
system of land defences, and how it is disposed in battery, and the 
part it is intended to play in future naval attacks upon coast cities, 
naval stations, and dock yards. I believe the subject will be interest- 
ing to many here present, for much has been put before the public 
relating to high-power guns, rapid-lire guns, machine guns, etc in the 
newspapers and magaaines during the post year or two, and the rifled 
mortar has been quite overlooked. 

The mortar is a short caunon for throwing shells, containing 
usually explosives, at high angles of elevation, from 45° to 60°, pro- 
viding what is called vertical fire, in contradistinction to the fire of 
long guns, usually made at low angles. The mortar, so called from 
its similarity to the mortar for pulverieiug, has retained its familiar 
shape from the earliest ages, and is believed to have Iveen the first gaa 
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naed. It has been changed from time to time in the form of ita 
chamber, projectile, etc, but its general appearance has not been 
materially altered till recently. The mounting of the mortar and 
means of pointing and manceuvring are extremely primitive, and any 
accnracy of fire with it is simply imposeible. Mortar fire, however, 
has been considered an important element in the bombardment of 
cities and areas o£ large extent, and one or more mortars have been 
famished to all onr sea-coast forts for Qse against naval attacks, but 
practice with it is so erratic that it finally dropped almost into disuse 
and received hardly any attention in military discussions. High-angle 
fire bas again come prominently forward by reason of great improve- 
ments made in the arm and in its mounting, and it is now considered 
in aofne respects superior to other guns for sea-coast defence, but it 
in no way supercedes the use of horizontal Are guns, which have their 
distinctive field of usefulness. 

The improved mortar of today is almost an entirely different 
weapon. It is difficult to see any resemblance in it to the old mortar 
or to the pulverizing mortar, the parent utensil from which the name 
is derived. The chief point in common is the discharge of the pro- 
jectile at a high angle of elevation, the new arm being greatly the 
superior in range, precision of fire, and destructiveness. 

The IS-inch B. L. Rijkd Mortar is made of cast iron of the best 
quality, hooped around the powder chamber with bands of steel, 
shrunken on in two layers, giving it a girth of about 11 feet. It is 
10.3 feet long over all, and has a 9-caliber bore 12 inches in diameter, 
rifled with an increasing twist for six feet of its length, and is loaded 
at the breech through a mechanism precisely like that applied to hori- 
zontal fire guns. In its mounting provision is made for taking up the 
recoil gradually instead of rigidly holding the piece as in the case of 
the old mortar mounting ; and provision is also made for loading in a 
horizontal position. The mounting consists of a small carriage, upon 
which the trunnions rest, which moves on a slide inclined at an angle 
of 60", which in turn is supported by a horizontal platform, rotating 
on a live roller ring. The carriage is of steel with trunnion beds and 
sockets for the upper ends of the recoil rams. The slide consists of 
two steel frames bolted to the upper part of the platform, and to these 
frames the recoil cylinders are fixed. The platform is built up of 
girders and transoms of steel. Training gear, for traversing the 
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platfonn, sod elevRting gear, permittiag of eleTatioDs o! 45° to 75°, 
ar« also provided. The h; dropuenmtUic cylmdera are of steel ; each 
has two chambers, one for the ram, the other for air i they are cod- 
nected by automatic recoil valves, and a by-pass valve, operated by 
levers, serves for elevating the gun into firing position. A loading 
crane is attached to the carriage, and a small hand-pump is provided 
to supply leakage in the air-chamber and to serve for manceuvring 
the gnn when not firing. The mounting thus described is the Eng- 
lish (Andergon), and is typicd of all. Tlie Russian (Saskaaoff) U 
similar, but instead of the hydropneumatic cylinders for returning the 
gun to the firing position the Belleville springe are used. 

The carriage obtained from abroad for testing the 12-inch mortar 
now at Sandy Hook, New York harbor, ia' of the Russian type ; but as 
it was doubtless constmoted for the 11-inch howitzer, the largest gun 
of this kind then, it was found insnfflcient to pei-mit our completing 
the required tests. This gun has been fired 227 rounds out of the 
400 rounds intended to he fired, and with charges up to 82 pounds of 
pebble powder, giving au initial velocity of 1200 feet with a pressure 
on the powder.chamber of 31,000 pounds per inch. The range 
attained ie 10,480 yards, or 5.95 miles, with V muzzle energy of 
5796 foot-tons. Few tests have been niade for precision of fire 
owing to defecU in the carriage and in the foundation. When these 
are remedied, as they soon will be, the firing will be resumed. It baa 
already been detfirmined for this gun to use 80 pounds of powder, 
which gives au initial velocity of 1152 feet a second, with a shell 
weighing 630 pounds and a pressure of 28,000 pounds per square 
inch on the walls of the gun. 

To repel a naval attack from the land, three classes of weapons 
will be employed, — guns, sub-marine mines, and torpedoes. The 
torpedo, however, is still ia the experimental stage, and may or may 
not be developed into a serviceable weapon. I am myself extremely 
sceptical regarding its practicability. Guns and sub-marine mines, 
however, are absolutely necessary in auy system of defence. Guna 
permanently mounted in commaodiog positions are always ready for 
service. Sub-marine mines are laid when hostilities are imminent, 
under the over-shadowing protection of the guns, and are iuteuded to 
obstruct channels, and necessarily are a passive defence, requiring 
the ships to come to them. Alone they will not bar the channels, 
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for they can be countermined or removed nnleaa flanked by r&pid-fire 
guoa directed upon boat parties andertaking to tamper with them. 
Neither will guns alone preclude the paaeage of shipH, for ships can 
ran past batteries without serious injury, as has been proved by numer- 
ous instaaoes. It is necessary, therefore, for an enemy to silence our 
batteries, and to do so ships must come within^ ran^^e of our guns. 
Now, a modera battle-ehip is a pretty formidable thing; she is de- 
signed to take ber place in line of battle to fight anything chat floats, 
but not designed to attack shore batteries armed with the rifled mortar. 
The impracticability of combining all the desirable qualities in one 
type of vessel has led designers to give prominence to one or more 
qu^ities to the sacrifice of others perhaps equally desirable. Protec- 
tion must be provided for both the buoyancy or life of the ship, and for 
the armament and men. The " Nile " and the " IVafalgar," now build- 
ing, will presumably be the best ships of the English navy. They have 
vertical armor 20 inches thick at and below the water line. Forward 
and aft a heavy steel deck slopes down to the ram and stern poeL 
Four heavy guns are carried in two turrets, aud there is a central box 
battery above an armored steel deck, which covers the citadel. Like 
most ships they are designed lo carry their batteries in turrets and 
barbettes, and are necessarily open to projectiles from above, having 
only a slight overhead protection against shrapnel, machine Are, and 
the explosion of shell. No ship has yet been designed to encounter 
shore batteries having vertical fire, and it is extremely improbable 
that any will ever be constructed. 

If we could mount our high-power guns on elevations sufficiently 
high to reach a vessel's deck by depressing the muiales, it would not 
matter how heavy was the vertical protection on her sides, but we 
can rarely find suitable elevated sites, and our high-power guns have 
too flat a trajectory. So, in order to reach the deck of the ship where 
it is vulnerable, we must employ vertical fire, and the mortar furnishes 
the means most admirably. The only argument urged against it is 
want of precision of fire ; but as we shall soon see this objection is 
not a serious one, even if it exists at all. The application of rifling, 
improvements in mounting, in the carriage, the use of the position 
finder, the power of masking the battery out of range and thus secur- 
ing the perfect service of the guns without confusion, and the ability 



iploy large numbers of mortars, makes vertical fire a most impor- 
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taut elemeot id IftDd defeoce. By this iire the deck of a veBsel is 
reached, and it ia here the most deatrnctive effects are produced. 
The deck of the modern battle-ship has scarcely more than three 
inches of iron or steel protection, and it is easily penetrated by the 
shells from the heavy mortar, I will leave to your imagination to 
picture the result of. the explosion of a shell in the vitals of the ship, 
where are the magazine, the boilers, and machinery. 

During the Russo-Turkish War (1877) a six-inch shell from a 
BuBsian mortar battery on the Danube penetrated the deck of one of 
the Turkish sea-going monitors, exploded in the magazine, and sunk 
it nith 17 officers and 200 men. Even should the shell not penetrate 
the deck but explode upon contact the effect nould be disastrous, as 
the force of explosion would be amoug the guns and men, and 
increased by its confinement between the huUwarks. The plan of 
sinking the deck to the level of the water is the most favorable con- 
dition for this kind of tire, and I may say that the officers of the navy 
are beginning to recognize the defect, and a recent writer strongly 
advocates the flush deck tor future vessels. 

The considerations, then, which governed the Fortification Board 
in recommending so large a proportion of mortars for our sea-coast 
defence are ; — 

1st. Because the blow is struck where it will be most effective, 
and where no armor can he placed to resist it. 

2Dd. Because of its range and accuracy, due to rifling and im- 
proved mouuting. 

3rd. Because the fire cannot be returned iu kind, and therefore 
cannot be silenced. 

4th. Because of the relatively small cost of mortars compared 
with guns, both to manufacture and to cover against an enemy's fire, 
an advantage which permits the use of a large number of mortars 
without too great expense. The 12-inch mortar costs $8000, while 
the gun of the eame caliber costs $50,000, and the cost of emplace- 
ments are respectively $10,000 and $225,000. 

In vertical fire the projectile leaves the gun at an angle of about 
45°. It meets with resistance from the air and from gravity, which 
diminish its velocity. At the highest point of the trajectory, gravity 
still acting, it changes its direction towards the earth, and the air 
pressure acts in a contrary direction. The projectile, continuing its 
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descent, incresBes in velocity till the opposing forces are in equilib- 
rium, when the velocity becomes constant. This Rnal velocity, as it is 
called in theory, can never be reached in practice. An approxima- 
tion to this final or greatest velocity ia desirable, and the projectile 
should be made to attain the highest altitade for any given range. 

JIow, since the velocity of the projectile through. its descending 
trajectory cannot l>e increased beyond what is due to gravity, which 
of itself is small, varying as the square root of the height fallen 
through, we must increase the energy of impact, which is measured 
by the product of the mass into the square of the Telocity (M V^) hy 
adding lo the weight of the projectile, and this is precisely what 
rifling does, for in the rifle we use an elongated projectile or bolt 
instead of the spherical shell aB of old, and consequently can adil very 
materially to the weight of metal. The 12-inch round shell weighs 
216 pounds (the cube of the diameter) ; the corresponding rifle ehell 
weighs 625 pounds. Here is a gain of 200 per cent. It requires 12^- 
to l4-i foot-tons of energy per inch of circumference of shot to pierce 
three inches of wrought iron, and by the following table of practice, 
showing the destructive energy of the 12-inch rifled mortar at differ- 
ent ranges and elevations, it will he seen that for a range of one mile 
and upward the fire becomes dangerous. It will be impossible to 
state with accuracy the thickness of various kinds of armor necessary 
to resist a w^riain energy of impact, stated in the customary manner 
of foot-tons. A great many tests have been made, but 1 am not 
aware of any complete table of data from which, by inspection, one 
could say anything very definite. It is said a forged steel and com- 
pound armor plate 5 inches thick will be severely strained by an 
impact of 1200 foot-tons. Mow, in the experiments of ICrupp, in 
Germany, to which I shall allude further on, a velocity of impact of 
751 feet is recorded, with a shell weighing 661 pounds, the corre- 
Epouding energy of impact would be 2912 foot-tons. 

Another merit of rifling is that it vastly increases the range. 
The old 13-inch sea-coast mortar, with full charge of 20 pounds, gives 
a range of 4200 yards, of which not more than 2200 yards would be 
effective against a, three-inch deck. For the rifle the figures are SO 
pounds, 10,450 yards and 7200 yards respectively. It is this feature 
which is so important in opposing distant bombardment by modern 
guns on ship-board. 
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A third kd?KUtage of rifling ii iDoraased precision of fire, and in 
thU coDDectioD I pre§eiil two table* of practice, which ihow something 
remarkable, one German the other Rusaian, but both with the 1 1-ioch 
Howitser, m the gun it called abrotid. In the trials last fall at Mep- 
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peo, the last of a aetiet of ttriags by Krupp, exteoding throogh a 
period of twelve years, the practice was simply wonderful, and but 
for authentic records would b« past belief. The gun used was the 
Krnpp mortar of latest cooetruction oE 11.27 iDchea bore, and wei((hed 
11 tons. The weight of moanting was 14 tons, while the weight of 
the bed on which it was pla<^ was 45 tons. The projectiles were 
armor-pierdng shells of 661 ponnds, and the charges varied from 2a 
to 40 pounds of pebble powder. 

, The horizontal armor-deck tai^et meaanred 52 1 13 feet, and was 
composed of a total thickness of 3^ inches of iron backed with wood, 
aod ribs of iron representing exactly the deck of a modern battle-ship, 
Bud supported five feet above the ground. A series of t«n shots were 
fired with an elevation of 45 degrees. The shell weighed 661 pounds, 
the charge of powder 25 pounds, and the range was 3870 yards (2:^ 
miles). The greatest longitudinal deviation was 95 feet, the greatest 
lateral deviation was 27 feet. One bit was made with a striking 
velocity of 610 feet a second, and an angle of incidence of 4&^°, not 
varying much from the angle of elevation of fire. The target was 
pierced very nearly iu its center, and the shell embedded itself in the 
ground five feet deep. 

Another series of shots of sixteen was fired with an angle of ele* 
vation of 65° with shell of the same weight as above, and a powder 
charge of 33.8 pounds, the range being the same, 3870 yards. The 
greatest longitudinal deviation wan 105 feet, the greatest lateral 
deviation 88 feet, and one hit was obtained the longitudinal deviation 
of which was 5 feet, and the lateral deviation 20 inches. The strik- 
ing velocity was 751 foot-seconds, and angle of incidence about 66°. 
Once more the target was pierced, the center was depressed nearly 
two inches, 13 rivets were displaced, the sapports were seriously 
bent, and the projectile was found imharmed 15 feet to the rear of 
the hole in the target, and four feet deep in the earth. 

Of these two series of 26 shots in all, 20 hits would have been 
made had the target been of the area of the deck of a man-of-war. 
These tests were conducted under the most favorable conditions of 
the atmosphere, and with mechanical perfection and skill of the 
highest degree. 

Mortar batteries are of a very simple form. An ample thickness 
of earth is necessary to cover tbe magazines and quarters for the 
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garrison against projectiles from a distance, which would he likely to 
reach the batterj through the lieHcending portion of their trajectoriea, 
.^an augle of descent scarcely exceeding 16, or possibly 30, degrees. 
Tliey would he masked from the fire of an enemy's ship by the natural 
inequalities of the ground, by trees and shrubbery, for a view of the 
shi|) is not necessary for this qervice, which may be governed from a 
distant point by telegraph. A. single battery is designed to accom- 
modate a number of mortars, in order that many projectiles may fall 
near together when a number or all are fired at once. By placigg 
four mortars together in a pit, and four pits in such a manner as to 
make the best arrangement for the magaiines and bomb-proofs in 
their midst, a compact battery of sixteen mortars convenient for the 
command of a single officer results. The longitudinal and lateral 
separation of the pits must be sufficient to afford this interior space 
for magazines, elc., but they must not he separated so far that the 
shots will fall apart so as to leave an area of safety between them. 
Lateral dispersion being much less than longitudinal dispersion, a 
narrower limit is admisBible for separation of the pits across the plane 
of fire than in a direction parallel to that plane. These conditions 
are fullilled when the centers of the outer mortars in each pit are on 
a circle of 150 feet radius, giving a lateral separation of the outer 
mortars in each pit of 140 feet, and a longitudinal separation of 365 
feet. The arrangement of the magasines is simple, and the gal- 
leries convenient for the service of the battery. Nearly all of the 
work is done under cover except actual loading, the fire of the 
battery being controlled by the officer within, stationed at the tele- 
phone instrument with the key of the firing battery at hand. The 
sixteen shots being fired under the same conditions should fall in 
relative positions corresponding to the mortars themselves. From 
the table of firing records available, but which unfortunately are 
limited, it is found that a rectangular area 28 feet wide and 162 feet 
long will contain 50 per cent of the shots fired from a single mortar. 
By cutting out of tracing cloth or transparent paper areas of this 
dimension of the same scale as the map, and laying them thereon in 
proper relation to each other, it will be seen how completely the area 
under fire of the battery is covered. The combined area of lire of one 
sixteen-gun battery is about 800x800 feet at a range of 4^ miles. 
Novr, as the battery can doubtless be fired every ten minutes, it is cal- 
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caUted that a ship within its raoge would be hit from two to nineteen 
times an hour. It is clear that it would be a recklesa commander 
who would subject his ship to a single chance shot even. By mnitiply- 
ing the batteries the risk in occupying the field is enormously iucreased. 

The mortar battery is easily constructed ; besides some little skilled 
labor in fitting doors, lights, ventilators, etc., there is no work about 
it but what can be readily done by common labor under intelligent 
supervision, and it is therefore cheaply constructed. I have great 
faith in the rifled mortar for defence of our sea-coast because of its 
simplicity; it is easy to construct and handle, and hence may be 
quickly provided should occasion suddenly arise, — an exigency more 
than likely with us, who are accustomed to neglect the lesson of 
experience and rest satisfied in fancied security. Jt can be constructed 
in several of our large iron establishments at the present time without 
a great outlay of time or money for a special plant, and emplacements 
can be provided with even greater facility. 

Should we be so unfortunate as to be suddenly involved in war in 
our present defenceless condition, no weapon can be so readily pro- 
vided, or one which will be so efficacioua to ward off hostile shell from 
our principal cities, and none more economical to construct or to serve. 

It would be a wise policy, however, to provide against such a con- 
tingency by having at each of our sea-ports an ample number of these 
guns, since they can be obttuned so cheaply, and their presence would 
go so far toward avoiding hostilities. An ounce of prevention is 
worth a pound of cure. 



MEETING 413. 
Chemical Precipitation of Sewage. 



The 413th meeting of the Societt of Arts was held at the 
Institute on Thursday, March 12th, at 8 p.m.. Prof. T. M. Drown in 
the chair. 

After the reading of the records of the previous meeting, the 
chairman introduced Mr. Allen Huzen, chemist in charge of the 
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Lawrence Experiment Station of the MaasachuBettB State Board of 
Health, who read a paper on the " Chemical Precipitation of Sewage." 

Mr. Hazem eaid : If sewage is allowed to stand for a few hoars, 
a portion of the organic matter will settle out ; but the greater part 
is either too finely divided to separate in a moderate length of time, 
or is in solution. By adding certain chemicals to the sewage, an 
inorganic precipitate is formed, which settles rapidly, and carries with 
it nearly all of the suspended matter, and alio a portion of the dis- 
solved matter. This is the chemical precipitatiim of sewage. Noth- 
ing definite is known of the chemistry of the process which makes 
insoluble a portion of the dissolved organic matter, hut it is probably 
similar to the use of mordants in dyeing for fixing soluble colors. 

Gbemic&l precipitation is practically carried out in tanks or set- 
tling basins, four to seven feet deep, and of sufficient cupacity to hold 
one-half of the daily dry weatlier flow of sewage. The sewage usually 
flows continuously into one end of a series of tanks after being mixed 
with the chemicals, and, passing very slowly through the tanks, 
deposits its suspended matter, and finally flows over a weir at the 
lower end in a clarifled condition. The tanks are drawn off in reg- 
ular order, from time to time, lor the removal of the deposit or sludge, 
only one usnalty being empty at a time. 

It has been claimed that this deposit would make a ralnable 
manure, but experience has not borne out the claim, for from 70 to 90 
per cent of the total fertilizing value of the sewage is in solution, and 
incapable of economical precipitation. As a matter of fact, chemical 
precipitation works instead of selling their sludge at a profitable price 
have been forced to dispose of it in the cheapest way possible. 

A series of experiments upon the chemical precipitation of sewage 
has been made at the Lawrence Experiment Station to find the exact 
action of the different precipitants, and in determining the most 
suitable proportions of the various chemicals and their respective 

The substances best adapted and most commonly used for chemi- 
cal precipitation are lime and the salts of aluminum and Iron. 

I have endeavored, in the following-described experiments, to 
determine, first, the best method of using each chemical substance, 
and to establish, if possible, some relation between the composition of 
the sewage and the amount of precipitant which will give the best 
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reautt, <» as good a result as a larger qaaotity; and, second, to com- 
pare the eSeot of equal values of the differeDt precipitaDts upon the 
same sewage, after finding, by the first experiments, how to use each 
with the greatest advantage. The experiments also give an idea of 
the amount of matter which can be removed b; chemical precipitation 
under favorable circnmetauces. The observations have been confined 
U> the composition of the sewage and of the efflaent, neglecting the 
sludge altogether. 

It was decided that the only way to get entirely satisfactory 
results was to make several parallel experiments on the same sample 
of sewage. To accomplish this, barrels were set ao they could be 
filled from one of the sewage tanks. The tank was filled with sewage 
and thoroughly mixed, and, while it was still being stirred, the barrels 
were filled from it and chemicals added as desired. One barrel was 
left to settle without chemicals, for comparison. It is possible, in this 
' way, to get several comparable results. The barrels were 30 inches 
high, and held about 50 gallons each. As the capacity of each was 
accarately known, it was easy to compute the amount of precipitant 
for each barrel at any desired amount per 1,000,000 gallons. 

The sewage in each barrel was thoroughly mixed with the ohem- 
icals, and allowed to settle. A sample of the effluent above the sludge 
was then drawn from a tap about 10 inches from the bottom, first 
letting it run freely for a minute, so that the sample fairly represented 
the contents of the barrel, above the very thin layer of sludge. 

Four series of experiments were made with different amounts of 
lime. In each case, seven barrels were filled from the same mixed 
tank of sewage, and different amounts of lime added, making a regular 
leriee, every barrel having more lime than the next below. These 
series were plotted and studied in detail.* 

Up to half a ton of lime very little calcium carbonate is precipi* 
tated. It is held in solution by the excess of carbonic acid. From 
this point it increases rapidly as far. as the experiments were carried. 
The amount which might be precipitated by increased amounts of lime 
is limited by the amount of carbonic acid present, and for the sewages 
nsed could not exceed 35 to 40 parts per 100,000. It was found that 
Q precipitation of calcium carbonate is not reached when 

sd1|£, are g]ven in iha report 
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tbe lime is equal to the carbonic acid ; for, evea withoat free cartmnic 
aciii, the sewage holds in solution a very considerable quantity of 
calcium carbonate. 

With quantities of lime too small to canae precipitation of cal- 
cium carbonate, the result is little better than that obtained by settling 
sewage without chemicals. With larger quantities of liine, and in- 
creasing precipitation of calcium carbonate, there is a regular improve- 
ment in the effluent until the point is reached when tfae lime is equal 
to the carbonic acid. The addition of a larger amount of lime than 
this does not usually remove more organic matter, and, indeed, the 
effluent frequently contains somewhat more impurity than with & 
smaller quantity. This may be due to the solvent action of caustic 
lime, which is only present when the lime is io excess. An increase 
of lime does, however, kill the bacteria, the effluent being practically 
sterile when a very large amount of lime is used. 

It thus appears advantageous to use an amount of lime which 
exactly suffices to form normal carbonates with all tbe carbonic acid 
present. Tbe quantity required can be calculated from the amount 
of carbonic acid and alkali present in the sewage, as found by titra- 
tions, which can be made in a few minutes, and with very simple 
apparatus. 

Copperas, or ferrous sulphate, occurs in commerce in a nearly 
pure form. Its value for the treatment of sewage depends upon the 
precipitation of ferrous hydrate or carbonate. Preliminary experi- 
ments indicated that it is necessary to add lime with copperas, in order 
to get the best result. Experiments were made to ascertain how 
much lime is required and the effect of different amounts of copperas, 
and whether the sewage should be first mixed with the lime or the 
copperas. Seven barrels were filled with sewage from the same large 
tank. To the first was added a certain amount of copperas, and to 
the other barrels the same amount of copperas, and different amounts 
of lime, forming a regular series, as with lime alone. In other series 
of experiments different amounts of copperas were used. 

It was found that, when copperas is added to sewage alone, no 
precipitation takes place, and the result is no better than when sewage 
settles alone. The addition of enough lime to combine with the 
excess of carbonic acid over the amount required to form bi-carbon- 
ates, and to combine with the sulphuric acid of the copperas, Is ueces- 
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sary for precipitation; for, while sewage is alkaiiae, iU alkali is all 
ID the form of bi-carbonateE, and alkali as Dormal carbonate or hydrate 
is required to precipitate the iron. When this amount is added, the 
acid number with phenol phthalcin will be sero. To insure a rapid 
action, a little more than this should be added. No better result ia 
obtained when more lime is used. If much less is used, tbe iron will 
not be precipitated, and the result will be the same as if the sewage 
had been settled without chemicals. 

The amount of iime required by any particular sewage can be 
calculated from a titration of the sewage with standard alkali solution, 
using phenol phtfaalein as indicator, but it is practically more conven- 
ient to test the sewage with phenolphthalein after mixing with both 
lime and copperas. 

The test with phenolphthalein shows instantly whether enough 
lime has been added, and it can be used by anyone. It consists of 
adding a few drops of a solution of phenolphthalein in alcohol to a 
portion of sewage in a small dish. If enough lime is present, it will 
be turned blood red, while, if enough lime is not present, it will 
remain nncolored. The smallest amount of lime which will give the 
reaction gives as satisfactory a result as a larger quantity. 

This reaction ia equally useful in the precipitation by time of 
acid sewage containing iron from mauufacturing waste. In this case, 
the copperas is carried by the sewage, and the addition of lime is 
required to neutralize the acid and precipitate the iron, thus render- 
ing it available. For this reason the conditions of successful precipi- 
tation of such sewage, and the results obtained, correspond with the 
copperas treatment rather than with the lime treatment. But in case 
the sewage contained no iron in solution, the phenolphthalein reaction 
is obtained long before enough lime has been added; and, to get the 
best results, the quantity of time must be regulated as has l>een 
described. 

It was found that with increasing amount of copperas, with the 
proper amount of lime in each case, the effluent was regularly better, 
but nearly all the advantage was obtained with half a ton. One 
hundred pounds of copperas gave a result very slightly t>etter than 
sewage settled alone. 

In all of these experiments the sewage was first thoroughly 
mixed with the lime water, and then the copperas added. Experi- 
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ments were made to see if a better reaalt could be obtaiaed bj ntixiog 
the sewage with tbe copperas first, aod then adding tbe lime, or if as 
good a result could be obtained by preci^ritating the oopperas with 
lime, and adding tbe precipitated ferroua hydrate to the aew^e. 

It was found that with 500 pounds of copperas and an equivalent 
of lime the best result was obtained when tbe sewage was first naized 
with the lime, t. e., in the waj the preceding series had been made. 
With 1000 pounds of copperas the difference .between these two wajs 
of mixing was insignificacL When the copperas was precipitated by 
lime before adding it to the sewage, tbe result was ansatiafactoryt 
both when the amount of lime used was tbe same as in other experi- 
ments, and when only enough was used to combine with the snlphniic 
acid of the copperas. We may conclude, then, that neither of these 
ways of mixing is more advantageous than that which was osed for 
the preceding experimenta. 

Ferric Baits have the advantage over ferrous salts in that ferric 
hydroxide is more readily precipitated and more completely insoluble 
than ferrous hydroxide. 

Experiments were made to determine whether it is necessary to 
add lime to obtain the best results with ferric salts, and, if so, how 
much should be used ; and also to, find the effect of different amounts 
of ferric oxide. 

The salt used for these experiments was ferric sulphate, bat there 
is every reason to suppose that esacily the same results would be 
obtained with ferric chloride containing an equal amount of iron. The 
method ot making these experiments in series, with regularly varying 
amounts of chemicals, was the same as that used for lime and copperas. 

It was found that the influence of time on tbe result is very 
small. With 200 pounds ferric oxide, the result was slightly better 
when lime was used ; hut the improvement does not correspond with 
the increased cost. With 400 pounds of ferric oxide, the lime had 
almost DO influence. With 300 pounds ferric oxide, no better result 
was obtained by mixing the sewage with 1000 pounds of lime before 
adding the ferric sulphate. When tim lime was added to tbe sewage 
after the ferric sulphate, tbe result was not quite so good aa when no 
lime was used. 

These resnlts show that, while ferrous salts are only precipitated 
by normal carbonates or hydrates, ferric salts are also precipitated by 
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bi-carboDsteg, and iu preseocs of free oarbouic aaid. For this reason 
the reaction with phenol ph thai ein, which proved to be of so much 
importance in precipitation with copperas, la of no value with ferrio 
■alts, aod the addition of lime to an ordinary alkaline sewage is quita 
useless. The experimente show that, as with copperas, the more of 
the precipitant used the better is the result. 

Aluminatu snlphate or crude alum is now made for use iq the 
dye-house for decolorizing peaty waters, and for sewage precipitation. 
Its action upon sewage is analogous to the action of ferric sulphate. 
There is every reason to suppose that aluminQm chloride containing 
the same amounrof alumina would give exactly the same results as 
the sulphate. 

Experiments were made to determine whether lime could be 
used advantageously with alum, and to find the effect of different 
amounts of alum. 

It was found that, as' with ferric sulphate, lime has little or no 
effect. With lime the preoipitatioo is a little more rapid, but the 
short time gained hy its use would hardly compensate for the extra 

The result with 1000 pounds to the 1,000,000 gallons is, on the 
whole, somewhat better than with 500 pounds, but the difFerence is 
much less marked than with oorrespouding quantities of copperas or 
ferric sulphate. 

The foregoing experiments indicate thata certain definite amount 
o[ lime gives as good or a better result than either more or less ; ani] 
that, in general, the more copperas, ferrio sulphate, or alum used the 
better the result ; and that ferric sulphate and alum usually require 
no lime for complete precipitation, while with copperas a definite 
amount of lime must he used. 

It pow remains to compare the results obtained with the best 
amount of lime, and with equal value oE the other chemicals, upon the 
same sample of sewage when used under the moat favorable conditions. 
Two series of esperiinents were made in this way. 

In calculating the cost for chemicals the following prices have 
been taken : — 

Lima, per ton, #9.00 

Copperas, " 10.00 

Sulphate of alumina " 2B.00 

Perrlc oxtde as sulphate, " SO.OO 
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One hundred gallons of sewage daily for each inhabitant is as- 
Bumed in calculating the annual cost. Of course the figures would 
have to be corrected for particular places, taking into account the 
prices and composition of the cliemicala used, and the amount and 
composition of the sewage. 

The average results of these comparative experiments upon the 
same sewage were as follows : — 
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If we take the percentage of albuminoid ammonia removed to 
represent organic matter, we Sad that, in addition to all the suspended 
matter, the following amounts of soluble organic matter have been 
removed : — 

Soluble Organic MaUer removed by Chemicals at Different Costs. 

With lime coating 30 cents per InhabUant, aoDually, . 2% per cent 

With copperas and lime costln;; 30 ceuts, .... 29 per cent. 

With ferric sulphate coaling 80 cents, 32 per cent. 

With alnmtnum sulphate costing SO cents, .... 20 per cent. 

With ferric sulphate costing 40 cents, *1 per cent. 

With atnnilnum sulphate costing 40 cents, .... 29 per cent. 

The lime process has little to recommend it Owing to the larga 
amount of lime water required, and the difliculty of accurately adjust- 
ing the lime to the sewage, very close supervision would be required 
to obtain a good result, and even then the result is inferior to that 
obtained in other ways. 

Precipitation by copperas is also somewhat complicated, owing 
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to the necessity of getting the right amount of lime mixed with the 
sewage before adding the copperas. When this is done, a good result 
U obtained. The amount of iron left in the effluent is much greater 
than with ferric sulphate, owing to the greater solubility of ferrous 
hydroxide. 

Ferric sulphate and alum have the advantage over both lime and 
copperas, that their addition in coDcentrated solution can be accurately 
controlled, and the success of the operation does not depend upon the 
accurate adjustment of lime or any chemical to the sewage. 

The results with ferric sulphate have been, ou the whole, more 
satisfactory than those with alum. This seems to be due in part to 
the greater rapidity with which precipitation takes place, and in part 
to the greater weight of the precipitate. It is probable, from the 
greater ease with which ferric sulphate is precipitated, ihat it would 
give a good result with a sewage that was not sufficiently alkaline to 
precipitate alum at once. 

It is quite possible that the same process would not give equally 
good results upon all kinds of sewage. Special sewages may require 
special treatment. Fur this reason, and also on account of changes 
in the prices of the several chemicals, it is impossible to say that one 
precipitaut is universally better than another. 

In the later experimeuts from 25 to 43 per cent of the soluble 
orgauic matter, as shown by the albumiuoid ammonia and loss on 
ignition, was removed by copperas, ferrio sulphate or alum, costing 
from 30 to 40 cents per inhabitant annually. In addition to this, all 
of the suspended matter was removed. The average proportion of 
suspended organic matter in Lawrence sewage, as shown by a very 
large number of analyses, is 45 per cent of the whole amount. If we 
can remove 30 per cent of tiie soluble organic matter, and all of the 
suspended, we shall leave only 70 per cent of the 55 per cent soluble 
' organic matter, or 38 per cent of the whole; while, if we remove 40 
per cent of the soluble orgauic matter, the amount left will be only 
33 per cent of the whole. 

Of the other substauces present the insoluble inorganic matters, 
mainly sand, are removed almost completely^ while the soluble salts, 
including chlorine and free ammonia, are not affected in the least, 
excepting that the acid of the precipitaut remains in solution, in com- 
bination with the alkali of the sewage. A very large proportion o£ 
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bftct«m and of the other organismB ia removed. This U all that can 
be dooe by ohemical precipitatioD. 

When a nuisance is produced by sewage in any way the direct 
caose IB uau&lly the development of organisms fed by the organic mat- 
ter and nitrogen compounds of the sewage. To secure the absence of 
organisms in any pond or stream, where food is present, is a hopeless 
lash. It thus happens that, while the organisms are the real cause 
of the trouble, their removal from sewage is often of less importance 
than the removal of the matter in tlie sewage on which they feed. 
The proportion of organic matter removed does not necessarily repre- 
sent the proportion of food for organisms removed, for some kinds of 
organic matter are no more suitable food for bacteria than is sawdust 
for horsBB. An effluent from a sewage filter, where nitrification ia 
complete, containing 2 per cent of the total organic matter of ihe 
sewage, will not serve as food for bacteria, because it has been worked 
over already by bacteria in the filter, and nearly everything available 
has been removed. If, on the other hand, sewage is mixed with fifty 
times its volume of pure water, so that it contains the same amount 
of organic matter as the efiiuent, the bacteria will increase enormously 
for a few days. From this point of view the effluent is many times 
purer than is indicated by the ratio of its organic matter to that of 
the sewage. 

With sewage precipitation the case is entirely different, for here 
there is no bacterial action. There is, however, some reason to think 
that the organic matter left is not so good a food, and therefore not 
so dangerous as that removed. Sewage settled alone will keep turbid 
with organisms, and in a day or two masses of zoiiglcea (dead or rest- 
ing bacteria) separate from it. Sewage precipitated by either copperas, 
ferric sulphate, or alum in suitable quantities has repeatedly remained 
so clear that the bottom of the barrels could be distinctly seen through 
more than two feet of liquid, for one week or two weeks. In these 
cases no flakes of zodgl<£a so characteristic of untreated sewage has 
been seen, and the odor is much less than that of sewage alone. 

This question of the quality of the organic matter left by precipi- 
tation liRS not been sufficiently investigated, but the indications are 
that it is more objectionable than the same amount in the effluents 
from sewage filtration through sand, but less objectionable than that 
in sewage. 
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When untreated sewage is pat into a small Btream or pond, it 
often happens that the suspetided matters settle out, forming consid- 
erable deposits, which, putrefying out of contact of the air, give rise 
to very offensive gases. It is hardly probable that well-precipitated 
sewage would do this, for almost no suspended organic matter is 
present when it leaves the settling tank, and very little soluble matter 
b precipitated on exposare to the air. 

Another naisance which might be caased by putting precipitated 
sewage into a stream or pond is the growth of alg®, — green plants 
fed by the ammonia of the sewage. It may be said, however, that 
this growth would be no greater than that caused by the crude sew- 
age, and probably not much greater than that caused by filtered 
sewage ; for, in the latter case, while the ammonia is removed, nearly 
an equivalent of nitrate is formed, and this serves as food for alg% 
almost as readily as ammonia. 

A number of fishes were put into precipitated sewage. In each 
case tJie fish died within five minutes. This sudden death canuot be 
due to the chemicals used, for it was found that the fishes lived for a 
considerable time in solutions of the chemicals much stronger than 
those present in the sewage. The fishes died for want of air. Sew- 
age contains no dissolved oxygen, and, if any is absorbed from the 
air, it is quickty taken up by the organic matter. The precipitated 
sewage also contains no oxygen. 



MEETING 414. 
Relative Val%te of Steam and Street Raxlwayt. 



The 414th meeting of the Societt op Abts was held at the 
Institute on Thursday, March 26th, at 8 p.u., 6. W. Blodgett in the 
chair. 

After the reading of the records of the previous meeting, the 
chftirman introduced Mr. George W. Mansfield, of the Tbomson- 
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HoiutOD Electric Co., who read a paper on " Relative Valae of Steam 
and Street Railways." 

Mr. Mansfield said : When I promiBed your secretary to pre- 
pare a paper, I had in mind, in a general way, a few facts regarding 
the pafiseoger trafRc of the steam railroads and street railroads of 
our country, which I thought I could gather together to show their 
relative physical magnitude, political necessity, and social importance. 
I sent out circulars in a nnmber of directions to elicit information, 
and hunted up all the books, papers, and clippings which I possessed. 
After much patience in research and in compiling comparative tables, 
I must sadly confess an inability to present much of any great interest 
or importance. 

Both steam and street railroads are essential to a nation's welfare. 
Whether one is more important than the other, it is dilllcult to say. 
It cannot be reasoned that the steam railroads have made the nation 
entirely what il is, since, on the other hand, it is equally true that the 
great centers which make up the nation would not be so great if it 
were not for the street railroads. 

Please remember that I am discussing this question entirely upon 
the basis of passenger transportation. The immense importance of 
steam railroads as freight carriers is for the moment set aside. 

Street railroads are of immediate necessity ; we need them every 
day of our lives. They are our horses and carriages. They enable 
us to obtain every possible social and political advantage. We are 
swiftly, safely, and cheaply carried to the doors of our friends, our 
theatres, onr lecture halls, our schools, otfices, churches, libraries, and 
elewhere. Artisans have a cheap method of getting to and from their 
work, and their field for obtaining work is thus expanded. They 
promote intercourse ; they unite as well as expand. They are the 
circulating system, so essential to our life and happiness. Congestion 
is avoided, and our morality improved. Rarely indeed have they 
even proven unnecessary or superfluous. I venture to assert that 
there is not today a city in our country that is not suffering for either 
more or better transit facilities. 

What means this cry for rapid transit now going np from almost 
every great city in oar Union ? Our personal necessities demand 
that we travel short distances much more frequently than we travel 
long distances. The greater the distance the less the travel, and the 
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shorter the distance, with reftsonable expense, the greater the travel. 
Naturally, if we could travel at tremendoua speeds, then distance would 
not have the tendency to restrain us from traveling. In years to 
come there is no question that 100 miles will look no greater than 
ten miles today. The question of running 100 and more miles per 
hour is being agitated fully and freely and is being discussed every- 
where. Mr. Crosby, in a recent paper, has given us some very inter- 
esting data in regard to such speeds. Prof. Rowland, of Johns Hop- 
kins University, and Dr. Louis Duncan agree with bim that 120 miles 
per hour is safe and feasible. There is scarcely anyone who looks 
towards steam for tbe solution of this problem ; and electricity is 
almost universally conceded to be the power. 

The history of the coustruction and operation of the steam rail- 
roads has been easy to obtain, but a similar history of the street rail- 
roads has been most trying and unsatisfactory. In bo far as I have 
gone, it has been unique lAid fascinating. 

Sometime in the early part of this century Oliver Evans en- 
deavored to traverse tbe streets of Philadelphia with a steam road 
en|^ne. No attempt was made to lay rails. It is thus seen that it 
was thought of. In 1826, at Quiucy, Mass., the first horse railroad 
was constructed, but not for the transportation of passengers. It 
served a more glorious purpose. It was used to transport the blocks 
of granite for the Bunker Hill Monument from the quarry. It was 
not, however, until 1831 that the first street railroad was incorporated. 
In that year the New York & Harlem Railroad Co, vras authorized 
to operate cars drawn by horses and the road to be built. The first 
cars were run in 1832 from Prince Street, New York City, by way 
of Fourth Avenue to Harlem Bridge, This road, however, had a 
checkered career, and but little else was done either in New York or 



In 1850 scarcely any progress had been made, but in the fifties 
the real live history of street railways commenced. The first street 
railroad in Massachusetts, running from Boston to Cambridge, was 
started in 1854. In Philadelphia the first street railroad was the 
Fifth and Sixth Street Railroad, which started in 1852. For a long 
time the growth of street railroads was very slow. This can be seen 
from Table I, but of recent years it has been tremendous. An in- 
dustry young in years, with immense possibilities, a social and political 
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neceBBity, yet passed by and unrecognized for yeari by brains or 
capital, is becoming totlay one of the most forward and important- 
Growing up right under our very eyes, and entering regularly into 
our daily welfare, we never seemed to have discuseed or mentioned it 
more than we would other questions of daily moDotonoua appearance 
and growth. From quite extenBise personal observation, it seems as 
if most of the street railroads of today were the creations or iuveu' 
tions of local geniuses and aspirants for wealth. Each little company 
bas its own idea of gauge of track; size or shape of rail ; how it 
should be laid; where it should be laid; size, shape, and color of 
cars; location of stables, car houses, etc; and, finally, a method of 
keeping its accounts. This last is of important interest, and I have 
no hesitation in stating my belief that there are .not two street railroad 
companies in the country who keep their accouRts in sach shape that 
they could make comparisons without hours, if not days, of patient 
compilation. The following units have been used by different com- 
panies for basing their income and output, — per horse, per car, per 
mile of road, per car mile run, and per passenger. With the intro- 
duction of electricity, however, a most decided desire on the part of 
street railroad companies has been shown for a uniform system in 
keeping account of tlie operating expenses of their roads. In point 
of fact, it has become imperative. If all street railroad companies 
will keep a uniform system of accounts similar to the steam railroads, 
gas companies, or other large corporations, doing a similar business 
throughout the country, we will be able to more intelligently discuss 
these questions in the future. It surely is an end toward which all 
street railroad managers should work. ' Undoubtedly the local charac- 
ter of the business has bad much to do with this extraonliDary diver- 
siHcatiou. Local capital, as a rule, has governed and controlled. 
Under such conditions, the necessities for complete and accurate data 
were not so apparent. 

The Massachusetts Board of Railroad Commissioners was estab- 
lished in 1869, and its value is beyond question. There is no State 
in the Union which issues a more exact and comprehensive report. 
In this State, therefore, much has already been accomplished. The 
only other Stales in the Union that issue any kind of reliable 'data 
are Maine, Rhode Island, New York, and Pennsylvania. It may 
seem strange, but it is nevertheless true, that this industry, which 
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carries today hanilreds of millions of people and involves mitliona of 
capital, had no census recognition until this last report. It should 
have been recognised earlier. 

Under such conditions it has naturally been an exceedingly diffi- 
cult undertaking Ui try to collate figures and statistics regarding street 
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railro&da, and reduce them to any basis whereby tbey ooald be com- 
pared, and still more difitcult nbereby any comparUoo could be made 
with strain railroads, who kept their accounts on an entirely different 

plan. 

TABLE IV. 
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The facts of the growth of the street railroade throughout the 
country cannot be obtained. MasBachusetti, however, gives some 
most interesting figures. (See Table I.) In 1850 there were no 
paasengerg carried, but in the succeeding decades a most rapid rise. 
This can be readily seen by Table IV. I have also arranged it bo 
that the per cent of increase of population can be noted. Tables TI 
and III show the same most interesting tale for one decade, but with 
the addition of the steam railroad traffic. The ratios as shown on 
Table I show, by decade, the number of times the population of those 
towns in which street raiiroads were was carried. As evidence of 
their local popularity, look at the figures of Table I, and note the 
Plymouth & Kingston Street Railway, which is operated with electric 
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motors. The population tribatary to this road numbers 8973. The 

number of passeugers curried in 1890 was 348,646, or 38.8 timea the 
population. In South FramiDgham. Mass., with a population of 
9239, the passengers carried numbers 337,000, or 36.4 times the pop- 
ulation. In larger cities this ratio increases. The Union Street 
Railway, New Bedford, carried over 79 times its population, and 
Brockton 62 times, and yet the former has but a population of -10,733 
and the latter place 35,681. In ihe larger cities this ratio again in- 
creases. If we include the towna tributary to Boston, we find the 
ratio of that city is 174.2. Nothing more clearly shows their need 
than these ratios of patronage. It also shows that in great cities the 
street railroad is of still greater value and importance. Prof. Lewis 
Haupt, of Philadelphia, in a most interestiiig pamphlet in 1888 gives 
some further most interesting statistics of traffic growth. He shows 
that, whereas in New York City the increase of the population from 
1865 to 1883, a period of 20 years, was but 59 per cent, the growth 
of the total traffic on all street and elevated lines was for the same 
period 262 per cenL He also shows that, whereas the increase of the 
population in London, Eng., for 20 years, 1864 to 1884, was but 36 
per cent, the traffic increase was 460 per cent. 

Another striking feature is that in 1850 we had no street rail- 
road trafllic, while today the passengers carried uumber somewhere up 
ill the billions, and yet the population of the United States has in- 
creased from 23,000,000, in 1850, to 62,000.000, in 1890, or about 
three times. From nothing to billions in 40 years. Whereas the 
steam railroad having a record of 60 years has not yet reached half a 
billion. The passenger traffic per mile of steam line is 3068, hut. as 
near as I can obtain it on the coaeervative basis, it is over 200,000 
per mile of street railroad line. Do nut the foregoing figures most 
vividly illustrate the value of these traveling facilities? Prof. Haupt 
computes from a few arbitrary units and a few facts in a most inter- 
esting and ingenious way that the patronage in Philadelphia per 
mile of street car line is 434,500 persons per annum. I tried (o 
arrange some comparison on the basis of square miles or acres, but it 
was impossible to get the areas of the cities or towns in which the 
street railroads were operating. This, therefore, had to be abandoned. 
Table V shows the growth of the steam roads and their traffic. 

Outside of the passenger traffic comparison I have been unable 
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to gather anything of any reliability whatever. You will therefore 
have to judge of the relative value of the steam and street railroads 
of this country from simply their respective passenger traffic The 
value to this country of the transportation of the billions of people on 
the street railways in a political, physical, and social sense you can 
judge of as well as I. The steady and enormous increase of the 
traffic in recent years certainly points to one couclusion. Personally, 
I am convinced that the future of the street railway traffic has a 
greater influence upon the prosperity of this nation than almost any 
other factor. 

It is variously estimated that there are from 200 to 225 million 
of dollars interested in the street railway business. This is insignifi- 
caot as compared with the seven or eight billions that is interested in 
the steam railroads. I hope that all the other States will follow the 
example of Massachusetts, since I fee! from the brief study which I 
have given this question that one of extreme interest and vital im- 
portance is before us. 



MEETING 415. 
The Value of the Study of Modem Languagex to a Stttdent of Science. 



The 415th meeting of the Society of Abtb was held at the 
Institute on Thursday, April 9th, at 8 p.m., Hon. J. A. Dresser in 
the chair. 

After the reading of the records of the previous meeting, the 
chairman introduced Prof. A. N. Van Daell, of the Institute, who 
read a paper on " The Value of the Study of Modern Languages to 
a Student of Science." 

Prof. Van Daell said : It is easy to say many things in praise 
of any stady that one may take up. Every branch of knowledge has 
decided advantages, and iu every branch of knowledge, whether it be 
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of Bcience, of literature, or of philosophy) there is enough of trath and 
of discipliiie to engage the miud aDd attention of all men. Of course, 
every man can be benefited by any study ivhatBoever, but this doea 
not indicate the place a study ought to occupy. Tberefore, in attempt- 
ing to give the right place to the modern languages, let ue consider 
the general subject of education. By education I mean here the last 
part of education, not primary instruction, but the part that vill 
directly prepare a man for bis life's nork. In that one sense we may 
call it higher education. 

The system in general as it now prevails has been imported into 
America from Europe, and is the result of the practice of the Middle 
Ages. Our system of education dates, consequently, from a time when 
the purpose of education was to benefit two classes, the clergy and the 
aristocracy,— the clergy first ; and many of the medieeval colleges and 
universities began with a single department, that of Theology, which 
was then counted the highest point to which the human mind could 
reach. During the 14th, loth, 16th, l7th, and I8th centuries educa- 
tion was, as I have said, confined almost entirely to the members of 
the clergy and the aristocracy, and this was true not only of Roman 
Catholic countries but also of Protestant countries. For instance, in 
Belgium we find the great reformer, Marnix de Ste. Aldegonde, in 
the 16th century, writing a book upon education, in which it is very 
evident that the only persons for whom he wrote were the members 
of the nobility. Of course, in those days Latin and Greek literature 
were taught, but no one thought that those literatures ought to be the 
main part of the education of merchants, tradesmen, or people who 
were to go out into the world. 

America has inherited her system of colleges from Old England. 
It was directly imported from that country, A few days ago, walk- 
iug through the streets of Cambridge, I stopped before the newly 
erected gate of Harvard College and read thereon an inscription stat- 
ing that the college had beeu built for the education of the clergy. 
1 do not remember the exact words, but the main import of it was 
that the purpose of the foundaliou of this college was that the clergy 
should not degenerate from the clergy that had come from Old Eng- 
land, and if you go over the history of your colonies, and the history 
of the foundation of Amherst and Yale and other colleges, 1 think 
you will find the same idea prevailing. 
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We see, then, that in olden times educatioD waa intendwl for the 
society where there was »n intellectual aristocracy, and that it waa 
designed that a few men should be the guides of the nation and direct 
it in iU iotellectuai pursuits. Those meu were to belooked up to as 
the leaders of thought, and the leaders Dot only iu religious but in 
secular aSairs. The same, of course, was true of France, of Germany. 
and of England. In those countries people who did not belong to 
the nobility, or to the clergy, or to a few privilt^ed bodies, were 
literally " nobodies." So we must not forget that during the Middle 
Ages, when they spoke of educatiou, they did not mean the educatiou 
ot the masses, for the masses were never considered. They were not 
thought of even in the foundation of American colleges. How dif- 
ferent our circumstances now ! The system based upon those otd- 
fashioned ideas of forming a small aristocracy is, of course, altogether 
out of keeping with our train of thought, with our ideas, and with the 
ambition of the present day. Our world is no longer governed by 
aristocrats or scholars. Aristocracy in the intellectual sense has loDg 
since disappeared from Europe even. The chespeniug of books and 
the placing of education at the disposition of the poorer classes have 
completely destroyed intellectual aristocracy. French civilization 
during the monarchy and before the Revolution waa admirable to look 
at, — very beautiful, very elegant. Men were traioed there for the 
purpose of shining in society, and of being able to enpress themselves 
with elegance. 

I need not say that the continuation even in a small degree of 
the educational ideas of the Middle Ages causes a deep discontent, 
which is not confined to America. It has been expressed just as 
loudly, perhaps, in Germany and in France. Years ago this discon- 
tent caused in Glermany the foundation of the reaiaehule, and to a cer- 
tain extent an equalization was accomplished by the giving of the 
privileges which had been reserved for the scholars of the university 
to the pupils of the reahchtiie, that is, to students of science. In 
France the same thing was attempted but not without a struggle. 
During the Revolution, at one time, the study of Latin and Greek 
disappeared almost completely from the schools, and was, to a certain 
extent, replaced by the sciences. Then there was a change, and the 
ancient languages were restored to their place in the curriculum. 
Again, expressions of discontent were heard on all sides, and so loud 
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were they that a diviBioD of the course wa« ftttempted, bat without 
aucceBS. Not enough teachers were imbued with the new ideas and 
new methods to make them prevail, and up to the present i,iiue general 
scientific inatruction has not been equal to the instruction given in the 
old classical lines. But discontent is not showing itself in institutions 
alone ; it is felt outside iu the ranks of eociety. Formerly, those who 
hud not enjoyed the privileges of a college education were willing to 
submit to the intellectual government of the scholarly classes. Today 
the situation is entirely changed. The business man, self-made per> 
haps, looks down upon the scholar as a kind of unpractical man, hardly 
fitwd for the strug^es of this world, or as a kiud of weak intellectual 
product of ages gone by ; and the scholar, on his side, in many cases 
fails to feel the pulse of the modern world, and regards the active 
man as a kiud of inferior creature who has been deprived of many 
intellectual advantages, and ia hardly entitled to give the final word 
in the great (|ue8tion8 of the day. Vet this is an age of activity, 
progress, and invention, and the hostility to which I have referred ia 
not at all necessary. Our time is not a degenerate oue, as many of 
the old school' would say. In the earliest times the same complaints 
about the degeneracy of the age were heard, and these complaints 
were repeated through the Middle Ages, and we hear them today as an 
echo from distant centuries. The truth is we should take our epoch 
as it is. and should adapt ourselves and our educational system in 
general to the new conditions. 

America, as well as all other countries,— perhaps more than any 
other country, — is at a period of great productivity. She has advan- 
tages over the rest of the world in the vast extent of her territory, her 
uiiequaled natural resources, and in her unrestrainedliberty ; and in 
the abseijce of any military obligation, and in the friendly industrial 
struggle smoug the nations, these conditions must, iu the end, give 
her victory. Armies cost not only the sums of money that are ex- 
pended on them, but they are a detriment to a nation, because they 
engage the best years of the strongest class of men at what ought to 
be the most active period of life. The amount of lahor taken away 
from every one of the European nations in the years that the strongest 
and best of their young men spend in armies cannot be estimated in 
dollars and cents. Besides this, the unrestrained liberty that you 
enjoy in America is of great importance in that industrial struggle. 
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MonteBquieu, in the 18th century, said; "Let pays ne tonipcu cttUivis 
tn raiton <U leur/ertiiiti, matt en ration de letir liberti"— countries 
are not culttvaKd in proportiou to their fertility but in pruportioo to 
their liberty. 

Instruction must be directed to useful works. It mast he done 
in the most economical way ; and by ecouomy I mean especially 
economy of time. We huve already seen iu another connection that 
time is much more than money. I take it for granted that you all 
admit not only the necessity for institutions like this Institute of Tech- 
nology, hut that colleges also must, in future, if they wish to keep their 
rank, reform their curriculum of studies so as ttf bring them within 
the range of modern possibilities. I do not say that everybody ought 
to fallow industrial or scientific pursuits. Of course, scholars, those 
who are to become teachers, and those who intend to follow the pro- 
fessions in life, ought to be treated differently. But we are speaking 
now of the education of the masses of a nation, and those masses 
undoubtedly must be the producers, those that accumulate wealth by 
their work. And this must bring industrhil teaching down to tbe 
secondary schools, and even to the primary grade, at least for the 
nations that wish to he at the head of modern civilization and to gain 
national prosperity. Now, does this mean that the business man, the 
manufacturer, the engineer, shall be taught nothing but science, noth- 
ing but that which is directly conducive to his success as a business 
man ? That I think is a mistake into which scientific people are apt 
to fall. They are likely ta consider everythiog a hindrance that 
takes a student away from scieutific pursuits. Let us look at a mau 
who has been successful without having anything of what we may 
call literary training. As a rule, you will see, 1 think, that he is 
untitted to enjoy the benefits of his prosperity. He may not know 
how to communicate with other people. He may be so wrapped up 
iu bis financial success that nothing else is of any interest to him. He 
may be just as miserable with his millions as the poorest toiler in one 
of the large cities. Then, what would be the state of society iu which 
men of that kind ruled and became the dominant class ? I venture 
to say that it would be moat undesirable ; that it would gradually 
return to barbarism : that it would be the destruction of everything 
that is good and beautiful ; and that those individuals w 
their sole attention, their wht^e mind and heart, upon business n 
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finally become egotiatical, and, being selC-satisfieiJ, will never look 
for any progreae outside of that which would result directly in their 
owD pereonal benefit. This, of course, must not be ; so, by the side 
. of those necessary Bcientific pursuits, something must be done to raise 
to a higher inteljectnal level the young man who looks forward to a 
scientific and industrial career. He must not only be a business man 
but a man. He most learn to love, ia udmire, and to revereuee not 
only people of his immeiJiate family, for that might be egotiatical, but 
his country and whatever has been great and noble in it. But even . 
that is not enough. A country wrapped up in itself will soon degen- 
erate. It li a fact that we all need comparison. We cannot under- 
stand the greatness of gur country unless we compare it with other 
countries. Nor can we realize the faults of our country, find out what 
ought to be corrected, what ought to be changed and bettered, unless 
we study at the same time the history of other countries. We must, 
then, bring some wider influence to bear upon the young man. He 
might study art, or he might study literature. The study of art would 
in some cases have many advantages. A thorough love of art brings 
with it a great civilizing and humanizing influence ; but to teach it, to 
practice it, is often very difficult. To bring it within the reach of 
the masses, so as to benefit them and to make them thoroughly enjoy 
it, is in many cases an almost impossible task. The master-pieces of 
art may not be at hand ; the means for reproducing them may be im- 
perfect i there may be no teachers. Art, then, while it has in itself 
many humanizing influences, is often practically impossible for edu- 
cational purposes. There remains literature. Now, what literature 
shall the young man study ? I do not hesitate, of course, lo answer, 
his own literature first, because it is the easiest and most accessible; 
the one which he will enjoy most and which will consequently most 
benefit him. The study of the ancient literatures, which is advocated 
by many in the colleges, and even in schools, as the only really human- 
izing study, is often impossible for the student of science, primarily 
because it takes too much time. The study of science requires in 
itself much time. If we consider the courses here at the Institute, 
we find that the number of hours given by the young men to study 
cannot very well be increased, and it should not be ; iiot that I believe 
they are over-worked ; not that I think they have become " mental 
wrecks," as one of the Boston papers has said ; far from that. But 
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Btill it is evident to me at least that those among them who give the 
due amount of atteniioa to their courses are as fully occupied as they 
ought to be, and an increase in the number of hours is, I think, rea- 
sonably out of the question. They ought to study, then, their own 
literature. But a single literature ia not enough, because a thorough 
comprehension of one literature, and a comp^hension of the value of 
the writers, is almost impossible without comparison, for here again, 
as in many other fields, comparison is necessary. Among the great 
literatures of the world it is almost a matter of necessity to choose the 
great literatures of France and of Germany for educational purposes, 
because those literatures contain nearly all the works that are a part 
of the history of the civilization of the world. Those literatures con- 
tain, with the English literature, the most valuable works for the study 
of the sciences. Other literatures, of course, might l>e taken up, as, 
for instance, Italian or Spanish literature, but their importance is very 
secondary if you compare them with English, French, or German, 
As for French, John StuarX Mill, in his Essays, says that " the man 
who does not know that the history of French civilization is the his- 
tory of the civilization of the world is very iguorant indeed." And 
Germany has of late taken so important a part in modern civilizatiou 
that her language and her literature have now a very great import- 
ance. Besides, these two literatures of France and Germany bear 
directly upon English, and have a close counectioa with it. They 
contain a wealth of the most famous writers, and number among them 
some whose books are immortal and would inspire the student who 
could read them with a love of the beautiful and of the good. Now 
it is posBil>le, within the time allowed for the study of these litera- 
tures, to make a lasting impression upon the minds of the studeniA, 
and to arrive at a good result, that is. at a fluent reading of the works 
written in those languages. And this is not all. We ought to be 
able to do much more than that if only the preparatory schools would 
help us. It is by no meaus diflicult to take a young boy of twelve or 
thirteen years or age, or even much younger than that, say seven or 
eight, and teach him to read with facility easy books iu French and 
German adapted to his years, and this could be done, I think, without 
crowding out anything that should remain in the curriculum. If 
young men came to us thus prepared and possessing already that ele- 
mentary knowledge of languages, we could theu, in iustltutioos like 
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the Institute of Technology, leaA them further on in the study of 
literature, making a lasting impresaion upon them, aud bringing tbem 
into communication with the great minds of the last centuries, with 
Gothe. with Moliere, with all the clasaics of the 17th aud even the 
16th century of France. We could then make them read easily all 
the important books that are now published ia large numbers. There 
would then be no lack of that love for art and literature which was 
produced hy the study of the ancient classics, for the same thought, 
the same civiiization, or at least analogous civilizations, are repeated in 
France and Germany, and they are much more accessible on account 
of the similitude of times. Those civilizations come very near to us, 
and young men understand them more readily than they do the more 
remote civilizations of the Greeks and Romaus. It ia rare even now 
to dud youths coming out of college able to read easily a Latin book. 
I do not even speak of a Greek book. Very few of these graduates 
ever think of reading a Latin author. But this ia not the experience 
we have with our French and German authors. A good many readers 
enjoy them, and remain in communication with the great minds of 
France and Germany, and I claim that the literary discipline thus 
acijuired is incomparably greater than what is acquired by superficial 
knowledge of Latin and Greek. I do not, of course, say anything 
against a thorough study of these languages. If yoi| could bring the 
youth of the country to understand the value of ancient civilizations, 
aud to compare them with modern civilization, it would undoubtedly 
be the proper thing to study them in their original languages, but that 
has never been done since tlie disappearance of Latin as a spoken 
language. As tor Latin literature, which ia so very highly praised 
by many, it is no more original than French or German or English 
literature. If one wished to study original literature it would be abso- 
lutely necessary to return to Greek and to Greek only ; but that, of 
course, is not posaihle, mainly because the teachers are not prepared 
to. take up tlie language in such a practical way, and therefore it is 
doomed to disappear from the education of the maases. Greek and 
Latin will be in future the languages studied by acholars and by pro- 

who are intended for the business world and for industrial pursuits, 
mnst as a matter of necessity study French and German. These lan- 
guages are the great resources for the elevation and broadening of the 
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study of scieoce, and it is on them that we must rely. Tbe main 
effort non to be made coDeisU id asking more help in the atudy of 
these languages ; not of the Institute, nor of the curriculum that we 
have in similar institutions, but of the preparatory schools. If these 
schools would take away from us the drudgery of elementary instruc- 
doD in the languages, time would be permitted us to give the students 
the full benefit that they ought to derive from a thorough acquaint- 
ance with French and Gierman civilization. 



MEETING 416. 
Aluminum and its Bronee. 



The 416th meeting of the Society of Arts was held at the 
Institute on Thursday, April 23rd, at 8 P.U., Hon. J. A. Dresser in 
the chair. 

After the reading of the records of the previous meeting, the 
election of new memberB, and tbe transaction of routine business, the 
chairman introduced Prof. Leonard Waldo, of the Aluminum Brass 
and Bronze Co., of Bridgeport, Conn., who read a paper on " Alumi- 
num and its Bronze." 

Owing to our inability to obtain the manuscript of Prof. Waldo'a 
paper it had to be omitted. 



n,g:,.-,;dtyGOOglC 



MEETING 417. 
Recent Improvementt in Railroad SignaUing. 



The 417th anil aonual meeting of the Society of AeT8 was 
held at the Institute on Thursday, Miiy 14th, &t 8 p. u., Mr. Geo. O. 

CarpetiUir iu the chair. 

After the reading of the records of the previous meeting the 
nomiaating committee presented their report, and officers were elected 
for the ensuing year. 

The report of the Executive Coannittee was read and ordered 
. placed upon the records. 

Hon. J. A. Dresser then reported on behalf of the meteorological 
committee. 

KEFORT OF THE UETEOKOLOGIGAL COMMITTEE. 

The commitiee have continued their occasional visits and interest 
in the Signal Service Station here during the past year, and note with 
much satisfaction its improved condition, and the gradually widening 
scope of its field and methods. The office here continues under the 
very efficient charge of Sergt. J. W. Smith, of the Signal Corps, who 
has found no increase of men necessary, seven men with a messenger 
boy constituting the force. No new instruments have been added, 
but l)etter facilities have been furnished for printing the daily weather 
maps. Of these the daily issue for this office is now six hundred, 
which are sent to every section of New England. This continnes to 
be the largest map issue of any station in the service, and covers more 
territory than any other. But more interesting still is the fact that 
mor« schools and other educational institutions are furnished with 
weather maps from the Boston office than from all the other stations 
in the country combiued. While they were at first regarded by the 
public almost as Chinese puzzles, now the demand for them cannot be 
supplied. Local forecasts ar^made twice daily at this ofllce, printed 
ou the morning and evening maps, furnished to the local press, and 
disseminated by the telephone and otherwise. As the Washington 
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forecasts are generally late, the local predictions only appear most of 
the time od the morning charts. An interesting feature recently 
adopted in the maps h the indic^tiou of thermal changes or condition 
oE temperature hy the use of colors, pink indicating the warmer and 
blue the cooler condition iu the territory thus colored, while a still 
darker color indicates rain or snow; these indications beiug much 
more appreciable by the ordinary observer than isothermal and iso- 
barometric lines. 

Numerous instances during the year have illustrated the value of 
the work of the service. The cranberry growers have acknowledged, 
by letter to this office, great benefit from the frost warnings furnished 
them. Gentlemen interested in the production of the smaller fruits 
and garden prodncta in the south, while resident theDuetves in Boston, 
have communicated hy telegraph to their managers from this office 
information and directions of great value. One of our Boston daily 
papers, commenting editoriatly upon the value of the warning given 
of the approach of one of our great storms, remarked that upon that 
occasion alone it exceeded the entire cost of the service of the whole 
country for a. year. 

During the past year the committee have found nothing for 
which to apply to Washington, and so little either to criticise or to sug- 
gest in the conduct of the office that their duties as a committee have 
been very light, scarcely justifying, certainly not necessitating, their 
continued official esisteuce, although in correspondence Gen. Greely 
kindly expressed a desire that a committee should be continued in 
existence to whom matters might be referred should they arise. 

RECENT IHPROVEHKNTS ll« RAILROAD SIONALLINQ. 

The chairman then introduced Mr. Geo. W. Blodgett, Electrician 
of the Boston and Albany Railroad, who read a paper on "Recent 
Improvements in Railroad Signalling." 

Mr. Blodgett said: Railroad signalling has now become so 
important and involves so many considerations that it is a well recog- 
nized factor in the operation of the largest and best managed rail* 
roads, and many of the less important ones, that have not previously 
paid much attention to this subject, find themselves obliged to enter 
on its practical consideration. 

The earliest application and the most complete development along 
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the original lines has beea in England. Signalling is also more exten- 
sively and syattjmaticuHy used in ihat country than probably anywhere 
else, but it has received in America a development in another direction 
more complete than in any other country in the world. This is in the 
invention of signalling devices to be operated.by the trains themselves. 
AH such appliances are known under the ilame of automatic signals. 

The tendency in England has been to meet every new require- 
ment of this branch of business by the use of more men than before. 
In this country, where labor costs more, the same object has been 
sought to be accomplished by the invention of a machine to do the 
work of itself, 

The English block system, admirable as it is, and when used 
with Sykee' locking probably as safe as it is possible to make a sig- 
nalling device, isyet exceedingly expensive. The cost of construction 
is enormous; but great as it ia the coat of maintenance is a still more 
serious matter, and is entirely out of reach of the larger part of the 
railroads of this country. Tliere must be at least a man for day and 
another for uight use, and where there is heavy traffic still another 
will be needed. In this country these would cost for wages alone 
from $1000 to $2000 per year; or on a road a hundred miles long, 
equipped with signals every two miles, the wages of signalmen would 
amount to from $50,000 to $100,000 per year, a sum which would be 
thought extravagantly large by most of the railroads of this country. 
But an automatic signal can l)e erected for $500 and maintained for 
from $60 to $100 per year, and this consideration alone, if such a 
signal cau be made reasonably reliable, ought to lead to their adoption 
by many roads which have hitherto thought that they could not afford 
any kind of signals. 

It is less than twenty-tive years since automatic signals began to 
have any place in railroad service. Mr. Thomas Hall, then of Stam- 
ford, Conn., was, I believe, the pioneer in this country, where they 
have had their greatest development and most practical application. 
His first invention was for the purpose of showing at a distance 
whether or not a switch was set for the main line. This was shortly 
followed by other inventions for indicating to an approaching train 
whether or not a preceding train had passed a certain point a mile 
(or any other desired distance) In advance. All these were automatic, 
that is, operated by the movement of the switch, or the passage of the 
train, without )i 
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Automatic signals may be liivided into two principal groups, viz., 
those which buve for their object the miiintenancc of s certain interval 
of time between trains, aud those which keep a certain interval of 
gpaet between trains fallowing each other on the same track. It 
seems to me that do time signal can have much positive value, for its 
indication, even if reliable, only tells us where the train was at a cer- 
tain previous time, not where it is at present, which is what we want to 
kuow. The indications of a time signal are of a misleading character, 
or at least the inferences drawn from them are frequently so. A 
trainman will almost certainly ussume that a preceding train has beeti 
running at its scheduled speed for the whole time which has elapsed 
since it passed the signal, and is presumably n long distance in advance 
when in fact it may have come to a standstill just around iJie next 
curve. If, however, the signal is so constructed that it remains at 
danger till the train reaches a certain point in advance, no matter how 
long it takes to get there, then, whatever its faults in other directions, 
its errors will be on the side of safety, the assumption being that a 
.train is in the section if the signal stands at danger. 

Although it has been shown again and again how utterly unre- 
liable an automatic time signal must of necessity be as a protection 
from following trains, yet hardly a year passes that several people do 
Dot invent devices of this character. If the ingenuity and labor which 
has l>een spent on this class of inTenlions had been more wisely em- 
ployed, it would have produced more valuable and lasting fruit. When 
the principles of automatic signalling are better understood by rail- 
road men there would seem to be no need of argument to prove that 
time signals do not sufficiently meet the conditions of the problem. 

One of these principles is Chat — 

Automatic signals should be used as an addition to all the other 
safeguards for the running of trains, and not as a substitute for them. 
It will therefore be necessary, as heretofore, to send back a flagman 
when a train stops, but there will be the additional security that when 
the man neglects his duty, or trains are running near together, there 
will still be protection, which is ample in the large majority of cases 
from a collision by a train following on the same track, or on a single 
track road for both front and rear. 

A second principle is that it the normal position of the signal 
(that is, the position when no train is in the section) is all clear, it 
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should be produced by ihe constant applicatioQ of some positive force, 
the failure of which for a single instant should cause the danger sig- 
nal, which danger signal should continue as long as the difficulty, 
whatever it may be, enists. A signal standing clear for an approach- 
ing train will then indicate that not only is there no other train in 
dangerous proximity, but that the force ou which the clear signal 
depends is in existence and actually at work. 

Still another principle, which is in my judgment correct, but 
which is disputed by some railroad men of as large experience as my 
own, is that when a train enters a section the engineer should see that 
the signal actually works for hid train, and to this end each signal 
should go to dauger a little before the train passes it. The develop- 
ment of automatic signalling in the last few years has been in the 
direction of greater safety and simplicity, and the requirement of less 
force to operate them. One of tbe moat prominent of the systems of 
automatic signals shown to the Society a few years since when this 
subject was under consideration is that of the Union Switch & Signal 
Co. Their apparatus has undergone little change since that time 
until recently, when a new instrument has been devised which bids 
fair to be a great improvement over the old one, and removes some 
of the causes of derangement in that instrument. The new oue has 
a semaphore arm for a signal instead of a revolving disc. The sema- 
' phore can be seen probably at a greater distance than a disc, and is 
very distinct in form. Objection is sometimes made by some railroad 
men that when tbe semaphore is used at important points (as at 
junctions, yards, etc.) as a positive block signal, where it must be 
obeyed as weil as observed, it should not be elsewhere used in another 
way. The form of signal is not, however, so important a point as 
how the signals are to be used. In tbo plan for overlapping blocks 
of the Union system changes have been made so that a failure of some 
of the circuits to operate will not, as was formerly sometimes the case, 
keep the signal from going to the danger position. 

The electro- pneumatic signals, which have been invented but a 
tew years, have been recently put in operation on a uuraber of roads. 
The new Hall system, recently brought before the public, is like the 
old one only in the form of the disc, viz., a red disc on a revolving 
arm so arranged as to bring the disc sometimes into view before a 
window in the signal case, and sometimes to withdraw it out of sight. 
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This is conoected id a closed circnit throagh a relay, then tbrongh a 
track instrument at the beginning of the section, and every switch 
connected with that signal and back to the battery. An interruption 
of this circuit at any point will cause the danger aignal to appear; 
also, when once the circuit through the signal has been interrupted it 
cannot again be made complete, except by the operation of a track 
instrument at the end of the section ;* further, by the action of another 
circuit when a train enters the section, even the operation of the cir- 
cuit which clears the signal will have no effect until the train has lirst 
operated anotber track instrument located a little way from the end of 
the section. This is to protect against a train sometimes producing 
a clear signal behind anotber train in the section, as formerly would 
have been the case under certain circumstances. When the train has 
gone a little way into the section, by means of a track instrument at 
that point, it so arranges the circuits that if a second train should fol- 
low the first into the section, the first one in passing out of the section 
could not put the signal clear, but it would restore the circuits so that 
the second train could clear the signal when it left the section. If 
only one train is in the section it leaves the sigual clear when it passes 
out. These several operations are performed by a peculiar form of 
relay known as a double-circuit instrument. To keep trains a proper 
distance apart, the track instj'umeut which puts a signal clear is 
located some definite distance (known as the "overlap") beyond the 
next signal, if they are used in series as is usually the case. The 
operation is the same for any- number of trains in a section at the same 
time, provided they keep a train length apart, only the last train put- 
ting the signal clear when it leaves the section. 

A system of signals wag recently described to me which is so 
designed that when a train enters a section it sets a danger signal, and 
- each pair of wheels entering the section is automatically registered 
there, and the sigual will not go to the all'clear position until as many 
pair of wheels go out of the section as entered it. The inventor calls 
it a "debit and credit " system. If a train enters a section and it 
leaves part of its cars on a siding, by so doing as many wheels are 
taken oS the account as have been left behind, aud the remainder are 
registered from the end of the section. I have not seen the system 
in operation and do not know how successful it is in practice. 
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Long'i Electrifi Semaphore ia BuppHed with current generated by a 
magneW-electrlc machine, and therefore needs no hatt«ry. Wlien used 
as an automatic train signal, this machine iw operated by clock-work 
set in motion by the wheels of the train ; hut when used as a yard sig- , 
nal the generator is worked by band. Used as a yard or station signal 
where there are trains in both directions, there are two signals, one 
at each end of the portion of the track in use, so connected together 
that only one can be put clear at the same time (if properly used). 
Bach signal, when it is put in the ali-clear position, automatically cuts 
off the currents both from itself and the other signal. Before any- 
thing further can be done it is necessary to put back to danger the 
signal which has been set clear, when the other may be set clear if 
desired. In interlocking signalling the recent changes have been 
principally in the direction of saving levers and connections. One 
device coming into extensive use fur that purpose is an indicator con- 
nected with a semaphore, which does service for many different tracks, 
the one to whiuh the signal at the moment applies being shown by a 
letter or number appearing below the signal when it is drawn clear. 
A somewhat newer device is known as a selector. This is connected 
with the interlocking machine, and determines which one of a group 
of signals, all connected with the same lever, shall show clear; and 
which one will go clear depends on the position of the switches in the 
different tracks to which the signals apply. These selectors are of 
two kinds, mechanical and electric. The former answer well for cases 
where the distances are short, but the latter are practically independ- 
ent of the distance, and can therefore be used where the others would 
not be serviceable. 

.The safety of even interlocking signals is largely increased under 
certain circumstances by electric locks applied to certain of the levers 
in one of two ways ; 1st, when a train has been given a right to pro- 
ceed the signal is locked all-clear and cannot be put back to danger 
till the train has gone past and unlocked it from the other side. This 
is, in my judgment, a bad use of an excellent principle. It may some- 
times be necessary to suddenly put a signal to danger and stop a train 
after it has been giveu the right to proceed, and has even begun to 
use that right. It should therefore always be in the power of the 
signalman to do this. Hence, no device should ever be applied to an 
interlocking signal to lock it in the alln^lear position. But electric 
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locking is an extremely valuable safeguard if used in the other way 
of which I spoke, viz., 2iiA, to Jotk electrically every conflicting route 
by Che presence of the train on the track. In these last-named applica- 
tions the simultaneous occurrence of two things is necessary in order 
that the locks may apply, viz., the giving of a clear signal, and the 
presence of a train on the track. Hence, up to the moment when the 
train has arrived, the signalman is free to take away a permission he 
may have given for the train to proceed ; but when it has begun lo 
occupy the right of way, the signalman is powerless to interfere with 
its passage in safety, but he may, if it he necessary, put the signal to 
danger and stop the train, hut can do no more. This is a most satis- 
factory method of osing electric locks, because of its extreme conve- 
nience and flexibility. The signalman is absolutely free until the 
moment when it would be unsafe for him to be so, and the restriction 
applies as long as the danger continues, viz., until the last pair of 
wheels has left the section. 

A new form of signal, for a new purpose, is that known as the 
Stewart- Hall Train Order Signal. It is for the purpose of reminding 
an operator or agent at a station that he holds an order for a train 
which is to arrive at that Station. It consists of an out-of-door signal, 
so connected with a relay in the office that on receipt of an order, 
which the operator is to put in a box where the trainmen are to look, 
or where he himself is to go wheu the train arrives. In doing this 
the out-of-door signal is set at danger, and the circuit which puts it 
clear is broken, so that it cannot be got clear again until the operator 
has gone to the other side of the room, or some other rather distant 
place, so that he cannot carelessly or accidentally put the signal clear 
(or do so thoughtlessly), and the train cannot proceed until he has 
cleared the signal. Thus, from the smallest lieginniugs these signal- 
ling devices (valuable auxiliaries to the safe operation of a railroad) 
have grown to occupy a very prominent place, and in the near future 
will be thought second to noue in importance for securing this result. 
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MEETING 418. 
Manganete Suel. 



The State Board of Health Map of Normal Ckloriae in the Waters of 
Masgaehusetts. 



The 418ih meeting of the Society of Artb was held at the 
Institute on Tliursday, May 28th, at 8 p.m., Mr. George W. Blodgett 
in the chair. 

After the reading of the records of the previous meeting, and the 
election of new members, the chairman introduced Mr. Henry M. 
Howe, of Boston, who read a paper on " Manganese Steel." 

Mr. HowK said : Manganese steel is an alloy of iron and man- 
ganese. We can hardly call a substance steel which is not malleable. 
Alloys of iron with more than 20 per cent of manganese are not malle- 
able and must be classed rather as manganiferoua cast-iron, or ferro- 
manganese. Alloys of iron with less than about 3.5 per cent of 
manganese are not profoundly affected by tlie manganese which they 
contain, and can therefore hardly be called manganese steel. Manga- 
nese steel, then, is an alloy of iron with from about 3..') to about 30 
per cent of manganese. It always incidentally contains more or less 
carbon, and we now'know no way of introducing the manganese with- 
out simultaneously introducing carbon as well. 

The influence of increjising quantities of manganese on the prop- 
erties of iron is most remarkable. The elongation is very small when 
the alloy contains 6^ per cent of manganese, or less. Indeed, with 
from about 4 to about 6.5 per cent of manganese the alloy has prac- 
tically DO elongation. It is so brittle that it can be pulverized like 
glass. I will not say that methods of remedying this brtttleness may 
not later be devised. 

As the proportion of manganese rises above 7 per cent, a most 
remarkable increase in both elongation and strength occurs, the elon- 
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gaCioD almOBt leaping from 2 to 50 per cent, while the tensile strength 
increases from nbout 50,000 to nearly 150,000 pounils per square 
inch. With further increnBe of manganese the elongation dimiuishes 
as abruptly as it rose, while the tensile strength as well falls rapidly. 
With 20 per cent of mangauese we again reach an extremely brittle 
alloy, valueless as far as we now know. This great liuctility and 
strength are given to the metal by special treatment. Id its natural 
State, as when it has cooled slowly after forging, maogaoese steel is 
decidedly brittle and not particularly strong. As we all know, com- 
mon steel is made bo hard that it will scratch glass, and almost as 
brittle as that glass by sudden cooling from a bright red heat, for 
instance, by quenching in cold water ; while it is made soft, relatively 
week and ductile, by slowly cooling it from a red heat. With manga- 
nese steel the very opposite is true. Wheu slowly cooled from red- 
ness it is brittle. Its extraordinary toughness and strength are given 
it by quenching it in water when at bright redness. They are again 
lost if it be subsequently strongly heated ; but they may be reacquired 
by again suddenly cooling from bright redness. The more sudden the 
cooling the stronger and tougher the steel. 

Remarkable as are the ductility and strength oE manganese steel, 
they alone would give it little value, for we can obtain this combina- 
tion in other and kindlier materials. It is its unique combination of 
hardness with ductility and toughness that gives it its value in the 
arts. Hardness and brittleness habitually go hand in hand, so much 

All our hard substances, minerals, glass, hardened steel, are brittle. 
With the possible exception of nickel steel, as to which our knowledge 
is extremely scanty, manganese steel is the only substance within my 
knowledge which is at once hard and ductile. When tested for its 
resistance to abrasion, where manganese steel lost one part by weight 
tempered tool steel lost about 0.4 parts. Manganese steel is thus 
decidedly softer than tempered tool steel, but the latter is far too brit- 
tle to compote with manganese steel in the uses which demand duc- 
tility and power to resist severe shock. Annealed tool steel lost 7.5 ; 
hardened boiler-plate steel lost 7 ; and annealed boiler-plate steel 14 
parts by weight. 

But while its hardness gives manganese steel its value, it also 
forms the chief obstacle to its use, for it deprives us of the readiest 
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way of ehapiiifr it. The other materials which the engineer uses are 
readily cut by common hardened steel. The metals are brought 
roughly to shape while hot, soft, and plastic, and are then accurately 
fitted by cutting with sCtie! tools. 

Manganese steel cannot, by any known tneaiiH, be made soft while 
cold. It always remains so hard that it is extremely difficult to cut it 
with steel tools. We can, indeed, readily give it simple shapes, such 
as that of a plain round or square bar, while it is hot. Unfortunately, 
such pieces have but scanty use in the arts. Thb one must have a 
thread; that one most have a hole here, a shoulder there. 

FonunaCely, manganese steel can be workeil comparatively 
readily while hot, though, indeed, decidedly less readily than common 
steel. A given blow changes its shape much less than that of com- 
mon steel. In short, even when hot, manganese steel is still harder 
than common steel. Fortunately, too, the last few years have brought 
great developments iu the shapiug of metals while hot. We have 
important advances in drop-forging anil in hydraulic forging, while 
the Symonds Rolling Machines, anil several others less known to the 
public, but still of great promise, lessen the disadvantage which the 
persistent hardness of manganese steel raises to its use. 

Hard as it is, manganese steei can yet he worked cold to a con- 
siderable extent, as is shown by this small wire. Such thin wire 
could hardly be made while hot, and, actually, it has been drawn cold 
in the common way. But, ductile as it is when we measure ductility 
by elongation, it does not draw into wire readily. After every two 
drafts it must be annealed by beating to bright redness and quenching 
in cold water. While it is thus possible to make manganese steel 
wire, I do not look to see this or any like form of cold-working exten- 
sively used in shaping this alloy. More applicable U) it is Mr. Samuel 
Johnston's machine, which can roll even this hard metal while cold 
into remarkably irregular shapes. Without describing this machine, 
I may say that just as we can turn wood into gun stocks and axe 
handles, so can we make such irregular shapes with this machine 
from even hard metals. But the most promising,' means of shaping 
manganese steel cold is the emery wheel. It is to manganese steel 
what the steel tool is to other metals. Just as we cut Iron in lathe 
or planer by moving it past a stationary tool of hardened steel, so 
may we cut manganese steel by moving it against aud past a swiftly 
revolving emery wheel. 



n,g:,.,;dtyGOOglC 



160 Proceedings op the Society of Arts. 

Let us now notice briefly a few of the more striking properties 
of manganese steel. In electric conductivity is extremely low, about 
one-thirtieth that of copper, and one-eighth that of wrought iron ; but 
it is extremely constant under varying temperature, about thrice as 

int as that of iron. Its conductivity for heat is also extremely 

>i fact which has to be allowed for in forging it. It welds with 
! difficulty, even in Thomson's electric welding apparatus. 
This difficulty further restricts its use. 

The structure of an ingot of manganese steel differs markedly 
from the coarsely crystalline structure of one of common steel, and 
consists of a mass of coarse needles arranged at right angles to tbe 
cooling surface. The coarse structure of carbon steel castings is 
broken up by simply heating and cooling them, whether quickly or 
slowly. That of manganese steel does not appear to be changed by 
simply change of temperature, but it is completely changed by forging. 

Uangauese steel is not attracted by the maguet. This may pos- 
sibly give it a value in marine constructiou. or at least in the case of 
compasses, of electrical machinery, and of watches. 

The most important single use of manganese steel is for the pins 
of elevator dredgers, such as are shown in this photograph. These 
dredgers have a series of enormous buckets like those of a Brobdig- 
nagian grain elevator. Tbe pins on which these buckets hang must 
be very strong and tough, and yet hard, as they are constantly grind- 
ing the grit which surrounds them against the links which hold them. 
This photograph shows the condition of a manganese steel pin after 
it had been used more than thrice as long as the carbon-steel pin 
beside it. To judge from this photograph, tHe manganese steel would 
wear about ten times as loog as the carbon-steel pin. For this pur- 
pose manganese steel has been regularly adopted, as I understand, 
and has passed beyond the experimental state, I'he lips of many 
dredger buckets have also been made of manganese steel, and so have 
the links of small elevators, such as are used for grain. Here are 
some of these links, simple castings, their toughness being shown by 
the dislortion they have undergone. 

The great future for macjganese steel seems to he its use for car 
wheels. A car wheel should be tough, lest it break ; it must be hard, 
lest it wear out, the friction of brake-shoe against wheel being very 
severe. Manganese steel wheels on the Chester Tramway in England 
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were removed 8ft«r running flO.OOO miles. The average mileage of 
cast-iron wheels of two well-known brands on a street railway in a 
large Eaateru city was given me last autumn as 774S miles in one 
case, and 16,373 miles in another. The mileage of street-car wheels 
is much less than that of steam -rail road wheels, hecause 6tre«t-car 
wheels are comparatively small; because the brakes are applied to 
them BO often ; and probably also because they are so much exposed 
to grit. 

Manganese steel also promises well as a material for armor plates. 
Wrought iron is out of the race, because it is so soft that a shot 
pierces it easily. Common steel, if it is hard enough to stop the shot, 
is very liable to crack when strack, and thus to let water in. Man- 
ganese steel promises to be hard enough to stop the shot, yet tough 
enough not to be cracked by the impact. This sketch shows the 
actual effect of the impact of shot on wrought iron, on common steel, 
and on manganese steel. The wrought iron was completely perfor- 
ated; the common steel stopped the shot hut was cracked through, 
the point of the shot knocking a hole through it; the manganese 
steel plal« was a little dished, but, though the point of the shot 
passed halt way through it, only very slight surface cracks were 
formed. 

To sum up, the advantage offered by manganese steel is its 
probably unique combination of hardness with ductility and safety 
under shock. Its disadvaniage is the first cost of the material, which 
may be about 0.5 cents per pound more than that of common steel, 
though much less than the cost of the better class of tool steel ; the 
rather greater ditficulty of working it when hot ; and the much greater 
difficulty of working it when cold. 



At the conclusion of Mr. Howe's paper the chairman introduced 
Prof. Thomas M. Drown, of the Institute, who read a paper on *' The 
State Board of Health Map of Normal Chlorine in the Waters of 



Frof. Drown said : From the standpoint of the public health, 
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the nalural classification of waters is into those which have at no time 
been contaminated by the wnBte products of human life, and those 
which have been thus contaminated. Waters of the first class we call 
normal. Jn the latter class we attempt to express the amount of pol- 
luting matter of the nature of sewage which the water has received, 
by giving its variation from the normul chlorine contents of the region. 

A comparison of the determinations of the chlorine in the waters 
of the State, made during the past two years, shows the interesting 
fact that there is a regular decrease in amount as we go from the sea- 
board westward. By selecting waters near their source, which we 
know from actual inspection are far removed from all sources of con- 
tamination, we are able to establish for many localities the normal 
cMoTtne. These results, when placed upon a map of Massachusetts, 
give us a convenient method of determining at a glance what is the 
chlorine contents' of the normal waters of the state. The value of 
the map is still farther increased by connecting the points of like 
chlorine contents by lines which can be appropriately called isochlors. 
On the map which has been recently published by the Stal« Board 
of Health these isochlors represent 0.05 parts of chlorine per 100,000. 
In the eastern part of the state they are close together, approximately 
parallel, and conform, in a genera! way, to the coast line. As we 
recede from the coast westward the isochlors are wider apart and their 
parallelism is less marked. 

la classifying the waters of the state we use this map as the 
basis, — that is to say, when the average chlorine contents of a witter 
agree with the isochlors on the map, the water is considered normal. 
When the amount of chlorine is in excess of the normal, the amount 
of this excess expresses the extent to which the wal«r is believed to 
have been polluted. This use of the map of normal chlorine we Hnd 
justified in most of the cases where we have an accurate knowledge 
of the water shed. In other words, we find the excess of chloriue in 
the water to be in proportion to the population on the drainage area. 

There are no data in this country sufficiently complete from 
which we can determine the anjouut of chlorine contributed to sewage 
by each inhabitant per day. Calculations based on the volume of 
sewage per iuhabitaut in London, and determinations of the amouut 
of chlorine in the sewage and' in the water supply, indicate that tbe 
amount of chlorine per person per day is 0.045 pound. The average 
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daily Dow of the Sudbury Biver per square mile of drainage area for 
tha past eleven years is 8,d00,000 pounds of water per day. Aasam- 
ing the data derived from London sewage to be generally applicable, 
we fiud that it requires nineteen persons per square mile to increase 
the cblorioe in the water flowing from a drainage area of the size of 
Sudbury River .01 of a part per 100,000. 

Another way of arriving at the population required to prodoce 
this result is to divide the population per square mile of watersheds 
in MassHcbasetts by the corresponding excess of chlorine la the water. 
In this way we fiud, from an average of observations of fifteen streams 
and reservoirs, that it requires tweaty-oue persons per square mile to 
increase the chlorine .01. Obaervatiotis of nine other streams, where 
a portion of the chlorine is probably due to manufacturing wastes, 
give bnt thirteen inhabitants per .01 increase of chlorine. There are 
a fow streams where the amount of chlorine furnished by manufactur- 
ing is still greater, so that each .01 of chlorine correspouds to a still 
smaller population, the minimum number found being 2.8 persons per 
square mile. All the foregoing results are based upon averages for 
a year or more. In the summer, when the flow is small, the popula- 
tion corresponding to .01 excess of chlorine is much smaller, the 
average of several observations upon streams being seven persons per 
square mile. 

The average results obtained from aDatyses of ponds should be 
somewhat larger than those of streams ; bat the individual results 
vary so much that it is unnecessary to consider a refinement of this 
kind. We may say, in a general way, that four families, or 20 persons 
per square mile, will add, on an average, .01 of a part per 100,000 of 
chlorine to the water flowing from this area, and that a much smaller 
population will have the same effect daring seasons of low flow. 

While we feel confident in the general correctness of the applica- 
tion of the map for the determination of the degree tu which the 
waters have been polluted, it is important that the limitations of its 
use be clearly understood. Some of these liinitatiuns are : — 

1. Those waters have been called normal, and have been used 
in establishing the isochlors, which drain areas believed to be nearly 
or quite free from population. Until a careful survey of the State be 
made, with the express object in view of determining the relation of 
population to the surface and ground waters, we cannot be' sure in all 
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